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Little is known about the effect of carbonate karst terrain on water quality 
in the United States. Karst topography occurs over a large portion of Missouri 
and over a significant part of other midwestern states. The objectives of this 
study were the determination of the quality of surface and subsurface water in 
carbonate karst terrain and the investigation and evaluation of the effect of rain-
fall and runoff on water quality in the Meramec Spring area, east of Rolla, Mis-
souri, during both the dry and wet seasons over the period of one year. 
Water samples were collected at a large number of stream, spring, and 
well sampling points; twenty different tests were performed in order to determine 
the chemical, physical, and bacteriological quality of the water. The procedures 
recommended in the Standard Methods for the Examination of Water and Waste-
water were generally used; rapid, short-cut methods were, however, substituted 
in some cases. The results were statistically analyzed to determine average, 
maximum and minimum values, standard deviation, and 95% confidence intervals. 
The main ions of the waters in this carbonate karst area were bicarbonate, 
calcium, and magnesium; the waters could be classified as either Hco3 -Ca-Mg 
or HC03-Mg-Ca. The surface waters, as well as the spring and some of the 
well waters, were contaminated as evidenced by the presence of coliform and 
fecal streptococcal organisms. Surface water quality varied significantly be-
tween the dry and wet seasons, while the quality of subsurface water collected 
from wells was uniform throughout the year. The quality of spring waters was 
affected by rainfall, indicating that direct pathways existed between surface and 
subsurface supplies. The nitrate nitrogen concentration in many wells was high. 
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Water is an essential commodity to mankind, and with the world population 
doubling every four decades the availability of adequate water resources is be-
coming a problem of worldwide importance. 
Water is unequally distributed on earth by nature and its availability at 
any-one place varies greatly with time. Many factors, such as climatic, geo-
graphic, and hydrographic conditions, can affect and produce variations in the 
physical, chemical, and bacteriological characteristics of stream, spring, and 
well waters. 
The United States has many water resources but in some areas these are 
already polluted. President Lyndon B. Johnson in signing the Water Quality 
Act of 1965 (1) pointed out that, "The clear, fresh waters that were our national 
heritage have become dumping grounds for garbage and filth. They poison our 
fish, they breed disease, they despoil our landscapes." Therefore, it is im-
portant that the Nation endeavors to improve its national water resources, both 
from the quality and quantity standpoints, in order to meet the present and future 
water demands. 
Karst topography is found in widely scattered sections of the world. In 
the United States, it occurs in southwestern Illinois, southern Indiana, the 
Mammoth Cave area of Kentucky, northcentral Florida, and parts of Missouri; 
karst areas in Missouri include the metropolitan areas of St. Louis and Spring-
field, the counties of Boone, Phelps, Pulaski, Dent, Shannon, St. Genevieve, 
Perry, Howell, Wright, and the Bennett Springs area (2, 3). 
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The Civil Engineering and Geology Departments of the University of 
Missouri at Rolla received an interdisciplinary research grant from the Uni-
versity of Missouri Water Resources Research Center which was made to study 
the availability, distribution, quantity, and quality of water in carbonate karst 
terrain. Kilgo (3) was the first to study some aspects of the effect of karst 
terrain on water quality under this program. He reported that the main con-
stituents of water in carbonate karst terrain were calcium and magnesium bi-
carbonate; coliforms were present in significant numbers in surface, spring, 
and some well waters; high nitrate content was a characteristic of water in 
karst regions; and iron was found in excess of the 0. 3 mg/llimit set by the 
drinking water standards, in both surface and ground waters. His investigations 
took place primarily in the summer of 1965 and were consequently limited to 
study in the dry season of the year; however, he did find that rainfall had a 
significant effect on the quality of surface waters. Therefore, additional 
studies during the wet season are needed. 
The purpose of this study was to determine the quality of water in an 
area of carbonate karst during both the dry and wet seasons over the period of 
one year, and investigate the effect of rainfall and runoff. The study was made 
in the Meramec Spring area, east of Rolla, Missouri, which is partially under-
lain with carbonate karst. The chemical, physical, and bacteriological char-
acteristics of surface and subsurface waters were determined and the results 
were evaluated by means of statistical analysis. 
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II. REVIEW OF LITERATURE 
The effect of karst terrain on water quality has been recently studied by 
Kilgo (3). His studies were conducted in the summer of 1965 in the Meramec 
Spring area, east of Rolla, Missouri. In addition, in the same general area 
Crouch (4) studied piezometric levels and shallow aquifers. There are three 
main creeks in this area, Dry Fork, Norman, Benton, and several branches. 
This is an area of dolomite rock which contains many karst features such as 
sinkholes, caves, sink structures, entrenched streams, and large springs. 
Kilgo (3) found that the main constituents of water in this carbonate karst 
terrain were calcium and magnesium bicarbonate present at approximately equal 
concentrations when expressed as equivalent calcium carbonate. He reported 
that the total hardness of well, spring, and surface waters ranged from 90 to 
330, 150 to 240, and 50 to 200 mg/1 as calcium carbonate, respectively. Coli-
form organisms were present in significant numbers in surface waters and were 
also found in all spring and two well waters. Kilgo attributed the presence of 
these organisms in ground water to contamination through the sinkholes and 
solution cavities occurring in karst terrain. He reported that the nitrate ion 
content of surface water was generally low, but that in some well waters nitrates 
exceeded the 45 mg/1 upper safe limit.* He found iron to be in excess of the 
0. 3 mg/llimit* in both surface and ground waters. On the basis of changes in 
*Limits set by the 1962 Drinking Water Standards (5). 
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the mineral content of the water in the Dry Fork Creek, Kilgo classified portions 
of the stream as effluent (receiving subsurface accretions), while he considered 
other parts as influent Q..osing water to the ground). 
Crouch (4) studied the Dillon and Meram.ec Spring Quadrangles, and 
found that in this area the Jefferson City, Roubidoux, and Gasconade formations 
were aquifers. He reported that west and north of the Dry Fork Creek ground 
water occurred throughout the Roubidoux formation, while the Gasconade for-
mation yielded water throughout all the area. He believed that the major streams 
in the area contained underflow in the thick alluvium in their channels. On the 
basis of a piezometric map he developed, he concluded that Dry Fork and its 
tributary Little Dry Fork were influent in their upper reaches and effluent in 
their lower reaches, while the entire course of Norman Creek was influent; he 
also concluded that the flow of ground water toward Meramec Spring was from 
the northwest and west. 
Several studies of water quality in karstic areas have been made by 
Russian and Eastern European investigators; however, only abstracts of their 
publications were available in English. Most of this material has been reviewed 
in detail by Kilgo (3). 
Water quality investigations in karstic terrains have been done by 
Bochkarev (6), Bochkareva (7), Gl.ukhov (8), Gorbunova (9, 10, 11, 12), Kash-
tavov and Belyaeva (13), Kolodyazhnaza (14), Kuliman (15), Maksimovich (16), 
Natarov (17), Ostrovskii (18), Shestov (19), Solntsev (20), and Vashchenko (21). 
These investigators studied karst waters from streams, lakes, and underground 
sources in several different areas. They found most karstic terrains to be 
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gypsum, carbonate gypsum, crystalline limestone, limestone, carboniferous 
limestone, sandstone, and siltstone. They reported that the main components 
of karst waters were calcium, magnesium, bicarbonate, sulfate, sodium, 
chloride, and potassium ions, and according to the mineral content they se-
parated the waters into several groups, such as HC03-ca-Mg*, Hco3-ca-so4 , 
S04-ca-HC03, HC03-so4-Cl. They also found that the differences in water 
composition were caused by various factors, and the most important of these 
were climatic, geomorphologic, and the geolithologic condition of the water 
formations; in some areas the winter atmospheric precipitations were the main 
feeding source. 
Bochkarev (6) found that the chemical composition of karst waters in 
different regions in Eastern Siberia varied greatly. Water from crystalline 
limestones fed by atmospheric precipitation had low mineral salt contents and 
were HCO 3 -Ca. Karst waters in areas of limestone and gypsum were 
so4-Hco3-ca, and had an elevated mineral content (804: 300 to 721, HC03: 
188 to 354, and Ca: 146 to 250 mg/1). According to Bochkarev, sodium 
chloride brines entered karst waters through fissures and raised not only the 
chloride (to 600 to 5900 mg/1) and sodium (to 500 to 3800 mg/1) content, but 
also the sulfate (to 900 to 2118 mg/1) content by changing the solubility of gypsum 
in a sodium chloride solution. 
Glukhov (8) studied the chemical composition of subsurface waters in the 
*Abbreviation used by: the abstractor to indicate the major ions in the water; 
the ions are most probably listed in decreasing order of concentration. 
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Mountain Crimea. These subsurface waters were divided chemically into four 
groups: HCo3-ca-Na, HC03-Na, so4-Na, and Cl-Na. In the zone of active 
water exchange (feeding zone) the waters were predominantly of the Hco3-ca 
(leaching waters) and so4-Na types (leaching water and water of cation exchange). 
In the deep sinking zone the waters were of the Cl-Na type (deep waters of the 
cation exchange and leaching). The gradual change of HC03-ca (karst) water 
into So4-Na and then to Cl-Na waters occurred in direction from the feeding 
areas to areas of deep sinking because of changes in the components of rocks 
and cation exchange along the rock layers. 
Ostrovskii (18) investigated the formation of subsurface waters in the 
Karsak.pai-Baikonyr area. He found winter atmospheric precipitations were 
the main feeding source. The chemical composition of subsurface water was 
affected mostly by the leaching of salts from the upper loose cover in which sul-
fates predominated. Four hydrochemical zones were separated in this territory: 
(a) the zone of fresh Hco3 and Hco3-so4 waters, (b) the zone of fresh and 
weakly saline so4-Na waters formed by the delivery of salts from loose cover 
and/or effected by evaporation concentration, (c) the zone of SO 4-Na and 
SO 4 -Cl saline and brackish waters formed under conditions of the continental 
salination at restricted water exchange, and (d) the zone of fresh SO 4 -Na and 
mixed waters formed by infiltration of river waters. 
Kolodyazhnaza (14), after studying over a period of years a very large 
number of sa:rnples of surface and subsurface waters from the Sos aviVagranka 
watershed and adjacent regions in order to determine the solubility of limestones 
in the area, calculated that 1, 800 to 5, 000 tons of calcium carbonate was 
leached by the water from the area each year. 
7 
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III. MODE OF STUDY 
A. STUDY AREA 
The carbonate karst terrain selected for this study was the Meramec 
Spring area located east of Rolla, Missouri. This area is bounded by the 
cities of Rolla, St. James, and Salem, and includes the sourthern portion of 
Phelps County, the southwest corner of Crawford County, and the northern 
portion of Dent County. A map of the study area is shown in Figure 1. 
Three main creeks, Dry Fork, Benton, and Norman, and numerous 
branches, including Little Dry Fork, West Fork Benton, and Spring Branch 
Creek are located in this area. Dry Fork Creek is perennial in its lower 
part and intermittent in its upper part; Benton Creek is perennial, while Nor-
man Creek is intermittent. Meramec Spring, the seventh largest spring in 
Missouri, and several smaller springs are also found in the area. The aver-
age daily flow of Meramec Spring has been reported to be 96,300,000 gallons, 
and the maximum daily flow 420,000,000 gallons (22). Meramec River, one 
of the major rivers in Missouri, is fed by the creeks in the area and by 
Meramec Spring. 
This area had been previously studied by Kilgo (3) in the dry season of 
the year during the months of June and July, 1965. He found the upper portion 
of Dry Fork and most of Norman Creek to be dry during this period. Several 
new sampling points in the upstream portion of Dry Fork Creek and in Norman 
Creek were, therefore, added to the sampling locations used by Kilgo in order 









. ; . 
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Permission was obtained from local inhabitants or property owners to 
sample their private wells and springs. 
B. SYSTEMATIC IDENTIFICATION OF SAMPLING POINTS 
The numbering system developed by Kilgo (3) was expanded to assist in 
the identification of the various sampling points. Each point was assigned a 
four digit number. The first digit located the sampling point by stream 
drainage area as follows: 
1 - Dry Fork Creek 
2 - Little Dry Fork Creek 
3 - Spring Branch Creek 
4 - Norman Creek 
7 - Benton Creek 
8 - West Fork Benton Creek 
9 - Meramec River 
The second digit specified the type of sample which was collected: 
1 - Stream 
2 - Spring 
3 - Well 
The third and fourth digits indicated the exact location of the sampling point by 
its relative position along the stream; the low numbers began at the mouth of 
the stream and increased upstream to the origin. 
The locations of the sampling points used in this investigation are des-
cribed in detail in Appendix A. 
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C. SAMPLE COLLECTION 
Two samples were collected at each sampling point in order to determine 
the chemical, physical, and bacteriological quality of the water. At the time of 
sampling a dissolved oxygen test was also made in the field. 
1. The General Sample. 
The general samples were collected in 5-pint glass bottles and were use~ 
for the determination of physical and chemical characteristics. The bottles 
were carefully cleaned with a chromic acid cleaning solution and were rinsed 
thoroughly with tap and distilled water. 
At the stream and spring sampling points the bottles were submerged in 
the water and the sample was allowed to flow in. At the pumped well sampling 
points before filling the bottles the faucets were flamed with a propane torch and 
the water was allowed to run for a few minutes. At the open well points the 
sampling apparatus shown in Figure 2 was used. The water sampler was rug-
gedly constructed of corrosion resistant nickel plated bronze and brass. A 
threaded joint between the cover and body ihsured an air tight closure, and an 
elevated inside platform supported a 300 ml BOD* bottle. The water entered 
the sampler through a tube which extended to the bottom of the bottle; as the 
bottle filled, the sample spilled into the space outside the bottle completely 
filling the sampler. Air escaped through a top opening. The sampler was 
lowered to the water level in the open wells by hand using a pulley on a tripod 
and a 3/8 inch rope. 
*Biochemical OXygen Demand 
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Figure 2. Open ,Well Water Sampling Apparatus 
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The samples were kept in a 5°C walk-in refrigerator in order to prevent 
as much as possible changes in sample quality until the complete analyses could 
be performed. 
2. The Bacteriological Sample. 
The bacteriological samples were collected in wide mouth 125 ml bottles 
which had been thoroughly cleaned with chromic acid cleaning solution and rinsed 
with tap and distilled water. Before the bottles were stoppered, wrapped in 
Kraft paper and sterilized, a dechlorinating agent, sodium thiosulfate, was added 
to provide an approximate concentration of 100 mg/1 in the sample. Sterilization 
was accomplished by placing the bottles in a dry heat oven at 170°C for one and 
one-half hours. 
Samples from streams and springs were collected by holding the sample 
bottle with the mouth forward and promptly moving it through the water against 
the direction of flow in order to prevent the bottle from being contaminated by 
handling. Samples from pumped wells were collected after the faucets had been 
properly flamed in order to kill any microorganisms present at the mouths of the 
faucets, and the water had been allowed to run for a few minutes. When sam-
pling open wells the sterilized bottle was placed on the platform of the water 
sampler. After the sample was collected, the stopper, covered with Kraft 
paper, was replaced and tied safely to avoid any outside contamination. The 
bacteriological samples were tested as soon as returned to the laboratory. 
D. PARAMETERS 
In studying the effects of carbonate karst terrain on water quality, 
Kilgo (3) performed twenty-one different tests. He found, however, that 
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ammonia nitrogen, nitrite nitrogen, orthophosphate, manganese, silica, and 
anionic surfactants were not as significant as calcium, magnesium and total 
hardness, alkalinity, chloride, nitrate nitrogen, iron, dissolved oxygen, 
chemical oxygen demand, color, pH, turbidity, total solids, dissolved solids, 
and coliforms, and recommended that the first group of tests could be omitted. 
Therefore, the parameters used in this study included the latter group of tests, 
together with potassium, temperature, and fecal streptococcal group deter-
minations. 
The determination of the potassium ion concentrations was made feasible 
by the availability of a flame photometer which allowed rapid measurement. 
Temperature was determined by the dissolved oxygen analyzer at the same time 
that the dissolved oxygen content of the water was measured. The fecal strepto-
coccal group is an indicator of fecal pollution of the water, inasmuch as the nor-
mal habitat of these organisms is generally the intestines of man and animals. 
Therefore, fecal streptococcal determinations are considered to be of particular 
value in stream pollution surveys, and in determining the sanitary quality of 
waters from shallow lakes, bathing areas, and wells (23). A test for the presence 
of the fecal streptococcal group was presented for the first time in the 1965 edition 
of the Standard Methods (2 3). 
E. ANALYTICAL MEASUREMENT OF PARAMETERS 
The procedures recommended in the Standard Methods for the Examination 
of Water and Wastewater (23) were generally used; rapid, short-cut methods made 
possible by the availability of newly developed instrumentation were substituted in 
Hi 
some cases. The determinations are presented in three groups: chemical, 
physical, and bacteriological. 
1. Chemical Group. 
a. Calcium Hardness. 
Calcium was determined by the EDTA titrimetric method (23, p. 74). 
One ml of SN potassium hydroxide solution* and 0.1 gram of Calver IT indi-
cator powder reagent* were added to 50 ml of sample. The sample was then 
titrated with standard EDTA** solution (one ml equivalent to one mg calcium 
carbonate). The concentration of calcium was calculated by multiplying the 
number of ml of titrant used by 1000/50 and was in terms of mg/1 of equivalent 
calcium carbonate. 
b. Magnesium Hardness. 
Magnesium hardness was calculated by subtracting the calcium hardness 
from the total hardness and was expressed as mg/1 of equivalent calcium car-
bonate. This procedure yields reasonably reliable results because most of 
the hardness in natural waters is due to these two cations. 
c. Total Hardness. 
Hardness was measured by the EDTA titrimetric method (23, p. 147). 
To 50 ml of sample one gram of Univer IT indicator powder* was added and the 
sample was titrated with standard EDTA solution. The total hardness was 
calculated by multiplying the ml of titrant used by 1000/50 and was expressed 
as mg/1 of equivalent calcium carbonate. 
*Prepared reagents were supplied by the Hach Chemical Company, Ames, Iowa. 
** Ethylenediaminetetraacetic acid or its salts 
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d. Alkalinity. 
Alkalinity was determined by titrating a 50 ml volume of the sample with 
0. 02N sulfuric acid to the equivalence pH of 4. 8 which is recommended for al-
kalinities in the range of 150 mg/1 as calcium carbonate (23, p. 48); a Beckman 
Zeromatic pH meter* · was used to determine the end point. The volume (in ml) 
of sulfuric acid used in the titration was multiplied by 1000/50 to obtain alkalinity 
as mg/1 of calcium carbonate. 
e. Nitrate Nitrogen. 
Nitrate nitrogen was determined by the phenoldisulfonic acid method, 
(23, p. 195). The sample was first treated to convert any nitrite present to 
nitrate and remove chlorides which would have interfered with the analysis. 
Fifty ml of sample was then evaporated to dryness on an electrically heated 
water bath, and 2 m1 of phenoldisulfonic acid was added to the residue followed 
by the addition with stirring of 7 ml of ammonium hydroxide until maximum 
color had been developed. The color was measured using a Bausch and Lomb** 
Spectronic 20 Colorimeter at a wave length of 410 rniJ and the nitrate nitrogen 
concentration was computed from a previously prepared calibration curve. 
f. Orthophosphate. 
Orthophosphates were measured by the aminonaptholsulfonic acid method 
recommended in Standard Methods (23, p. 231). To 50 ml of sample, 2 ml of 
ammonium molybdate reagent and 2 ml aminonaptholsulfonic acid reagent were 
added With mixing, as appropriate. The blue color developed was measured 
*Beckman Instruments, Inc., Fullerton, California 
**Bausch and Lomb, Inc., Rochester, New York 
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using the Spectronic 20 Colorimeter at 690 ID#J.. A red filter was used with the 
instrument to enable operation at that wave length. The orthophosphate con-
centration was determined from a calibration curve and was expressed as mg/1 
P04 . 
g. Chloride. 
Chloride was determined using the Beckman Zeromatic pH meter equipped 
with a silver billet electrode* coated by electrolysis with silver chloride, and a 
standard calomel reference electrode. The procedure has been outlined in detail 
by Kilgo (3). Briefly, a 1400 ohm resistor was plugged into the thermocompen-
sator jack of the pH meter to increase its sensitivity and expand its millivolt 
scale. The instrument was calibrated against two solutions of known chloride 
ion concentration. Readings were then made on the water samples and their 
chloride content was determined from a previously developed calibration curve. 
h. Iron. 
Iron was determined by the phenanthroline method (2 3, p. 156). The iron 
present in a 50 ml sample was first reduced to the ferrous state by adding 2 ml of 
concentrated hydrochloric acid and 1 ml of hydroxylamine solution to a 50 ml 
sample and boiling until the volume had been reduced to 15 to 20 ml. The sample 
was cooled and 10 m1 of sodium acetate buffer solution and 2 ml of phenanthroline 
solution were added to develop an orange red color. After 15 minutes the color 
was measured using the Spectronic 20 Colorimeter at 510 rnJ.L, and the iron was 
determined from a calibration curve. 
*Manufactured by Beckman Instruments, Inc. , Fullerton, California 
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i. Sodium. 
Sodium was measured in a similar manner as chloride using the Beckman 
Zeromatic pH meter equipped with a special sodium ion electrode* and a calomel 
reference electrode. The procedure has been outlined in detail by Kilgo (3). 
j. Potassium. 
Potassium was determined by the flame photometric method (23, p. 239). 
A Coleman Model 21 Flame Photometer** and a Coleman Model 22 Gal.v-0-Meter** 
were used, and the procedure given by the manufacturer (24, 25) was employed. 
Gas and oxygen were required for the operation of the flame photometer. Liquid 
propane, which met the 3 cubic feet per hour requirement, was obtained from a 
gas faucet in the laboratory. Oxygen was obtained from a 220 cubic foot tank 
(size D) equipped with a two-stage regulator; it was supplied at a constant pres-
sure of 13 psi. A high intensity flame was produced by burning the propane gas 
in combination with excess oxygen. The high velocity of the oxygen stream was 
employed to atomize and deliver the sample into the highest temperature area of 
the flame, where the emission from the potassium could be detected by the photo-
tube photometer. A specific potassium transmission filter, interposed between 
the flame and the phototube, isolated and passed the radiation of potassium while 
substantially preventing other radiations from reaching the phototube. The out-
put of the photometer, representing the relative observed flame radiation, was 
measured by the Gal.v-0-Meter as percent transmittance. The concentration of 
potassium in the sample was then obtained from a calibration curve which had been 
*Manufactured by Beckman Instruments, Inc., Fullerton, California 
**Coleman Instruments Corporation, Maywood, lllinois 
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prepared using solutions of known potassium chloride concentration. Before 
measuring an unknown sample the instrument was checked against two solutions 
of known potassium ion strength and its asymmetry control adjusted. 
k. Dissolved Oxygen. 
The dissolved oxygen (DO) content of the samples was determined in the 
field using a portable Precision Galvanic Cell Oxygen Analyser*. This instru-
ment was capable of measuring both the DO content and the temperature of the 
samples. The oxygen probe consisted of a cylindrical shaped lead anode sur-
rounding a rod shaped silvered cathode. Both electrodes were covered with a 
finite layer of potassium hydroxide electrolyte contained in a thin electrolyte pad; 
a plastic membrane covered the electrodes and electrolyte and served as a se-
lective diffusion barrier permeable to molecular oxygen and other gases but not 
to ions or surface active compounds. The procedure given by the manufacturer 
(26) was employed. The oxygen probe was calibrated each time before going to 
the field. This was done by allowing the electrode system to equilibrate in a 
sample of known oxygen content determined by using the Winkler method (23, 
p. 405). The ratio of the current output of the instrument in a IJ.a (microamperes) 
to the DO content of the sample in mg/1 
Sensitivity coefficient = DO of calibration sample 
was the probe's sensitivity coefficient at the particular temperature. A cali-
bration graph, which was prepared by the manufacturer, was used to compensate 
*Precision Scientific Co. , Chicago, Tilinois 
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for variations in temperature over the calibration temperature. To measure 
the DO content of a sample, the probe was placed in the sample, the switch was 
turned to the app~opriate oxygen reading position, the sample was mixed for two 
minutes, and the oxygen meter reading was recorded. The switch was turned to 
the temperature reading position and the temperature of the sample was deter-
mined. The DO in mg/1 was calculated by solving the following formula: 
_ Oxygen meter reading 
DO content of sample - 8 ·t· •t ff" . t ens1 lVI y coe 1c1en 
The sensitivity coefficient was corrected for the temperature of the sample. 
1. Chemical Oxygen Demand. 
The Chemical Oxygen Demand (COD) test was performed by the dilute 
potassium dichromate method outlined in Standard Methods (23, p. 510). The 
method consisted of refluxing for two hours a mixture consisting of 20 ml of 
sample, 10 ml 0. 025N potassium dichromate, and 30 ml concentrated sulfuric 
acid containing silver sulfate. After cooling, the excess dichromate was ti-
trated with 0. 01N ferrous ammonium sulfate using ferroin as indicator. A dis-
tilled water blank was prepared in the same manner as the samples. The 
chemical oxygen demand was calculated from the amount of dichromate used 
after the blank correction had been made. 
m. pH. 
pH was determined using the Beckman Zeromatic pH meter. 
2. Physical Group. 
a. Total Residue. 
Total residue was measured (23, p. 244) by evaporating 50 ml of sample 
in a tared porcelain dish on an electrically heated steam bath. The residue 
was then dried in a drying oven at 103°C to a constant weight, cooled in a 
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desiccator, and the dish was reweighed. The increase in weight was used to 
compute the solids in terms of mg/1 of total residue. 
b. Dissolved and Suspended Solids. 
Suspended solids (nonfilterable residue) were measured by filtering a 
known volume of water through a preweighed membrane filter* with pore sizes 
of 0.45 ~ 0. 02 tJ. using a glass filter apparatus*. The filter and suspended 
matter were dried in an oven at 103° C, cooled in a desiccator, and reweighed. 
A tared aluminum dish was used to support the filter. The increase in weight 
was used to calculate the suspended solids in terms of mg/1. 
Dissolved solids (filterable residue) were determined by substracting 
the suspended solids from the total solids. 
c. Turbidity. 
Turbidities in excess of 25 Jackson turbidity units were measured by 
means of a Jackson candle turbidimeter (23, p. 312). When the turbidity of 
the sample was less than 25 units, it was determined by comparison with pre-
viously prepared bottle standards (23, p. 312). A Hach Laboratory Turbidi-
meter Model1860** was employed after July 15, 1965, for the determination 
of turbidity in all ranges. This instrument was a nephelometer and measured 
the amount of light reflected at 90 ° to the light beam by the particles of turbidity. 
*Manufactured by the Millipore Filter Corporation, Bedford, Massachusets 
**Hach Chemical Company, Ames, Iowa 
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Photocells were employed to measure the reflected light, which was in direct 
proportion to the turbidity present, and convert it to an electrical signal. Tur-
bidities from 0. 02 to 1000 Jackson candle units in five ranges could be measured 
with this instrument. The procedure suggested by the manufacturer (27) was 
employed. It consisted of standardizing the instrument with a standard turbidity 
rod, inserting a cell containing the sample, adjusting the range, and directly 
measuring the turbidity of the sample in Jackson candle units. 
d. Color. 
Color determinations were made by visual comparison of the sample with 
a set of color standards which were prepared from potassium chloroplatinate and 
cobaltous chloride (23, p. 127). 
e. Temperature. 
The temperature was measured with the thermistor provided with the 
Precision Galvanic Cell Oxygen Analyzer. The thermistor was immersed in 
the water for a period of time sufficient to permit a constant reading, and the 
temperature was measured directly from the appropriate scale (26). 
3. Bacteriological Group. 
a. Coliform Group. 
Coliform organisms were determined by means of the membrane filter 
technique outlined in Standard Methods (23, p. 610). This method consisted of 
filtering a known amount of sample through a sterile membrane filter* having 
pore sizes of 0. 45.::!: 0. 02/J. using a sterilized stainless steel vacuum filter 
*Manufactured by the Millipore Filter Corporation, Bedford, Massachusetts 
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IV. PRESENTATION OF RESULTS 
Samples were collected from 34 stream, 5 spring, and 32 well sampling 
points over a period of one year and were analyzed for chemical, physical, and 
bacteriological characteristics. Calcium, magnesium, hardness, alkalinity, 
nitrate nitrogen, chloride, iron, dissolved oxygen, chemical oxygen demand, 
pH, total residue, dissolved solids, turbidity, color, temperature, and coliform 
organisms were always measured. Orthophosphate, sodium, potassium, and 
fecal streptococcal organisms were determined in some of the samples. All 
samples were "grab" samples and special interest was placed on those samples 
collected during or immediately after rainfall. 
The results obtained for each point on the date samples were collected 
are presented in tabular form in Appendix B. Also included in these tables are 
the data obtained by Kilgo (3) during June and July, 1965 in order to provide a 
more complete picture of water quality in the study area. Values for the various 
characteristics have been rounded-off, depending upon the accuracy and precision 
of each test. From the data presented in Appendix B, average, maximum, and 
minimum values were computed and are presented in this chapter, except for those 
points where less than two samples were collected and analyzed; this applied es-
pecially to those sample locations where samples could be obtained only during or 
immediately following rainfall. An exception was made in reporting the average 
value for the fecal streptococcal group; because of the limited data available, a 
number was also reported when one test was made. Average values were com-
puted with an IBM 1620 digital computer· and verified by computation. The Fortran 
computer program used for this purpose is shown in Appendix C. The maximum 
and minimum values are the actual maximum and minimum values determined. 
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Because the characteristics of the streams varied significantly with 
rainfall, the data have also been grouped into two groups, those collected in 
the "dry season" and those collected in the "wet season". The wet season 
group consists of the samples obtained during or immediately after rainfall 
and includes the samples collected on the following dates: 
September 14, 196 5 
January 1, 1966 
February 12, 1966 
March 4, 1966 
April 23, 1966 
For these two groups, the average value, standard deviation, 95% confidence 
interval of upper and lower limits, and 95% future confidence interval of upper 
and lower limits have been computed and are reported in this chapter. 
The standard deviation (S.D.) was calculated using the following formula 
(23, p. 21): 
where, a standard deviation 
X sample value 
'X mean value 
n number of runs 
The 95% confidence interval (95% C. I. ) represents a 95 percent chance 
that the true value of the mean for this sample lies within the values (23, p. 22): 
x ±tq/Vn where, t : constant depending on n 
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The following values have been suggested for constant t (23, p. 22): 
n 2 3 4 5 10 oo 
t 12.71 4.30 3.18 2.78 2.26 1. 96 
The 95% future confidence interval (95% F. C. I. ) represents a means of 
using past data to predict a 95 percent chance that the value of the mean for a 
future sample will lie within the values (28): 
X ± t a V1 + 1/n 
Values were computed using the IBM 1620 digital computer and the pro-
gram shown in Appendix C. Average and standard deviation values were com-
puted only if two or more sample analyses were available. Confidence interval 
and future confidence interval were computed only if more than four values were 
available. 
In order to simplify presentation, the results were divided into three 
groups: stream water studies, spring water studies, and well water studies. 
A. STREAM WATER STUDIES 
The streams chosen for investigation were the Dry Fork, Norman, and 
Benton Creeks and their tributaries. A map of the area showing the location of 
the stream sampling points is given in Figure 3. A description of the location 
of these sampling points is also presented in the Table A-1, Appendix A. 
During the dry season of the year the Dry Fork Creek was fed by several 
water seepages of small quantity and slow motion (Figure 4); however, the water 
infiltrated to the ground a short distance from the seepage. Spring Branch 
















1 inch= 3. 2 miles 




treated sewage effluent from the City of Salem, flows for about five miles and 
then infiltrates to the ground; a small spring at sampling point 1140 referred to 
by local inhabitants as the "Spring at the Head of Stedman's Lake" (Figure 5); 
and Little Dry Fork Creek which carries effluents from two Rolla sewage treat-
ment plants and flows into Dry Fork Creek between points 1125 and 1130 are the 
three main water sources feeding the creek. The absence of water from a point 
two miles downstream from sampling point 1156 and sampling point 1140 was 
noted during the dry season on several reconnaissance trips. 
During the wet season, especially after a rainfall, the creek flowed with 
drainage water submerging most of the low water level bridges. Water, often 
highly colored by decaying vegetation, could be sampled at all collection points. 
The water carried sand, mud, foilage, vegetation, and other kinds of materials 
capable of being moved by water. Figure 6 (upper picture) shows the flooded 
Dry Fork Creek at sampling point 1155 on January 1, 1966, and (lower picture) 
the same location a week later, after all the water had either flowed downstream, 
or infiltrated to the ground. Figure 7 (upper picture) shows the creek flooded 
at sampling point 1160 and the same spot during the dry season (lower picture). 
The characteristics of the water varied significantly in the dry and wet 
seasons. Table B-1, Appendix B, presents the characteristics of the water at 
the various sampling points on the dates that samples were collected. Table 1 
gives the average, maximum, and minimum values for the year at each sampling 
point. The difference between the dry and wet seasons can be seen in Table 2 
which gives the average value, standard deviation, and confidence intervals for 
both seasons when enough data were available to allow statistical analysis. 
Figure 5. aPring at the Head of Stedman's Lake 
(Upper picture taken after rainfall; lower 
picture taken in the dry season.) 
ao 
Figure 6. The Dry Fork Creek at. Sampling Point 1155 
(Upper picture taken on January 1, 1966; lower 
picture taken one week later. ) 
•, 
~· ~ ~ 
c:,., 
J-1 
Figure 7.. The Dry Fork Creek at Sampling Point 1160 
(Upper picture taken after rainfall; lower 
picture taken in dry season.) 
Characteristic 1105' 
Ave. Max. 
Calcium* 63 ~7 
Magnesium* 73 118 
Total Hardness* ~~' 2ol Alkalinity* ,,~ 18Z. 
Nitrate Nitrogen** ....... o, 0.10 
:Orthophosphate** o.B /.0 
!Chloride** 12~ __3Z.O jlron** o.S'I 2.24 
Sodium** ~~-~ I~ 
Potassium** z.37 4-30 
lD1ssolved Oxygen** 8~ /0.0 
COD** 15'.2. 44.0 
pH+ 8.o s.q 
!Total Residue** 293 520 
Dissolved Solids** II!: z01!J 
Turbidity+ ,;, ~u,o 
Color+ 13 30 
Temperature*** 14.2 ::so.o 
IColiformsi+ I 700 ·~l (J(J() 
,Fecal Streptococcal~ 36 
-
Table 1 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Average, Maximum, and Minimum Values 
Sample Collection Point 
/110 IllS f/2() 
Min. Ave. Max. Min. Ave. Max. Min. Ave. Max. Min. 
;i!.f 63 105 2# hi- too 21 63 12o 16 
z' "Z. '16 19 70 114 ..:ui 25"_ as-
'" 47 '~" IRt:. 42 /34 198 47 uN 1/l~ ~~ ~0 11.4 174 27 120 IB" 30 Jo4 176 .22. 
a.of Q.ff ~-""' O.CD 0.07 o.2f o.ol D./~ Cl.~l n.ao t:;1.7 o.""' 1.4-. o.o ··~ 3.7 o.s_ 28_ ~t:J.. /.2.. _3_.2 /2.0 A.S /, =- 35.4 5'0.0 3,2 ~-7 .:~.D J.~ 
o.ao o.q~ 240 0.~ o.7, Z.szl 0.1/, /./tf z.~4 "-~z 
q.o 7-~ 2~.0 o.e IS.() Z.f., ,,,() t/J.tf zs-.o q,z. 
/.48 2.47 .4.o5' /.7z. 2.4S 3.o4 1._8"'_ 2.43 2.86 f.'fS 
7-h J:i.2 .Jo.4 4." 9;7 14.1 6.7 .85" 1~.0 6-2. 
1.5 /&.2 .t~C7.0 o.o /~.9 ~3.0 ':lJ.7 
'"· 3 
hi:,. I 2.b 
7.2. 7.a 8.8 '7.' . a.~ 9.2. 7.2. 7.'1 e.~:J 7-f 
14Z 372. 1158 ,~z z"' 3/:JIJ 144 ~8~ /,.!3i.J I~JI B8 IS{, ~DD ~~ ,q·o 33, l!B J7b 34D ..4R 
5' t9S 1100 0 7~ 2110 0 t41, ~(J ~ 
I;" a4 70 5' 12. ~s 3 IS" .J.o ~ 
6.o ,,., :;oo.o 2.5' I~S 34.0 6.0 14.4 2ff.S 7.5' 
so .z,U4 .MMJt. ~ UDI 6_41J() :Jo ~.0'11 1/l,o«. 2.D 
-- ~()If:) "·JX)t1 --~- --~- - - ~m 5'/.H' ISO 
*mg/1 as CaC03; **mg/1; ***°C; +units; ++organisms/100 ml 
. /125" 
Ave. Max. Min. 
67 lob 19 
66 IDO IGf 
/~..d 1'17 :37 
II~ ,aq Z.3 
0.17 o.Bf t::J,OO 
~-4 ~.0 /.f 
2!;'.1 .dA.tJ Lf 
/.D5' .2.5'1$ ().1/J 
14.11 2./1.8 6·~ 
2.48 3.1'1 2-CI~ 
B.O 1/.0 -4-1 
/7.1 69.5 3.8 
a.o S.t, 7. , 
.:f~'\ .S:C/2 /8~ 
,qt. z.qi, 42. 
IDfi J.~ 0 
14 5(') '!> 
12.3 .e.t/.0 /.0 

















































Table 1 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Average, Maximum, and Minimum Values 
Sample Collection Point 
Characteristic u~s- 1140 1145 IIS'O OS3 IIS"S" 
~. ~. ~. ~. ~. ~. ~. ~. ~. ~. ~. ~. ~. ~. ~. ~. ~. ~-
Calcium* 32 _48 10 4f 70 10 43 76 C1 C/_ 25" 8 2Z. 33 lo 1'/ 43 IO 
MagnesiUII* Z7 .44 I I 4C ~7 14 40 (;,fj 10 22. 32 12. 22 34 IO 17 ~6 t:j 
Total Hardness* ~ 92. 21 Rl 12.n z4 Ji>~ 144 22. ~e £7 2o ..t~.4 h7 ;;u, ~~ 79 20 
Alkalinity* 91- 114 to 7~ ~~~ IS" 84 ,42, 'I Z6 .~t; lh ~o 48 12. .:::~P. 66 10 
iNitrate Nitrogen** 0 •0 , a.14 o.oo o.l)d. o.oT lfJ,t:JD o.oS o.to o.oo - - - n.oB o./2. o.o3 o.o!; 0.10 o.ot 
!Orthophosphate** o.o <:J.t o.o D.a ~-.D ~.o ~.4 o.l o.o - - - - - - - - -
!Chloride** 22. ~-'1 c.o 2.~ ~.7 t.o 2..0 =t.4- t:J.o ~'·-~ - - 2.5' "3.7 1.2. 2.4 S:f /.Z. 
'Iron** D.B7 ~~4 o.~i!. o.67 2.6!4 t:J-16 o.,3 2.2o o.12. 1.42_ 2.6Z o.~ /.76 2.U. o.7o 2.00 ~.12. o.~j 
Sodium'frlr 2.~ _n_ __Q.a 2.2 "·4 o.9 :J./5 ..-.:J 2.5" - - - - - - - - -
Potassium** .a.22. 2~~ 1·7'1 o.t/8 2./.!i <:~.oo .2.z3 3./2. l·'il3 1.88 2.11 /.lA o.~o /.94 o.l6 2.00 :t.ao 1·37 
Dissolved Oxygen** h·3 tJ.S' ~.~ 7.~ q.~ S.!i' 7.'1 10.4 ss LJ:J~b u.ll 9.~ 9.9 11.3 8.5' q_2_ 10.9 7.3 
COD** Jfi.TJ 63.'t s:t. t/.0 ~.1 o.o zB.o 114.Z. o.o 23.11 4o., 7.0 25.4 21· I 23., ~~.'9 ~~~ 23.9 
pH+ 7. 3 7.7 4..7 7.'3 7.8 1:11/ 7.4 8.1 i>·7 7.2 7.2 7.1 7.4 7./:> 7· f 7·0 7.4 tJ.l, 
Total Residue** 2111 1~1)4 ?t. 221 - ~:M. q~ 4-f/7 1.47/J 1/Jd ~!;2. 6!i!. 7.Z 1?:l Z4h 100 :31/i! »44 ~~ 
Dissolved Solids** R3 '124 AI!:J 1!17 1:521 i4 q/, I~ 11J ~ 7..2 ~t!> 7.2 94 50 t:ll 134 ~ 
Turbidity+ J/O s-oo u, 7R ~I!:J~ o 244 7oo o 153 ~co s- 1oo 24o o .ao3 48o _S 
Color+ z'l q,o _LD_ =lo R"o 3 .a4 70 2 _s-_ n> o R '" 5" 1S" qo 5" 
Temperature*** 1~!/_ 27.S" a.S" /4.~ 2f.S 7·0 1(.2 17.o 6.5' lf.8 JS:~ R.o 13.0 !6.5 8.~ tfJ.R 15:S ~-'o 
Coliforms-J+ 1..101/ lf/,t,M o 28~ 9~o fJa 2.()2&114AM _LO lf,()ct. ~2txJt. ~ 2.9Sr. ~~~«- o ~AS!J 7.2cf. 2eJ 
Fecal Streptococcal+l 18,5'16 J7.i)(l() 32 28 - _ - l4o.M - - 121-~ - - 9. 7« - - S 2/JI. - -
*mg/1 as CaC03; **mg/1; ***°C; +units; ++organisms/100 ml 
~ 
Table 1 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Average, Maximum, and Minimum Values 
Sample Collection Point 
Chara~teristic f/'!WJ 1160 2105" 
Ave. Max. Min. Ave. Max. Min. Ave. Max. Min. 
Calcium* 3'1 66 IO /3 2.o 6 81 12.6 40 
Magnesium* 3Z ~2 8 /{ 2o 
""' 
77 114 22. 
Total Hardness• 7/ 128 ,a 2.$" 40 ./0 1$8 2:12. 42. 
Alkalinity* IJ.R l!kt If lfLJ 2.4 ~ '~" 226 "4 Nitrate Nitrogen** o.o7 0-10 o.o4 0.06 o./2 o.o.z. 0.48 s.6o o.oo 
Ortbophospbateww D. I ~ . .2 0.0 o.l 0.2 0.0 ~.11 ~0.3 3.5" 
IChlorideWW ~5" qq /.3 4.~ J2."' o.o ~ ~-0 l.t:l 
11ronww 0.95 .e.=12 0-12. 1.4q ,_1,8 0./1, 0-70 ,11./2, 0.02. 
Sodium** .... ., 5:4 4.8 ::r. s- ~-2 2."'1 30.7 7,.0 12.0 
Potassium** ~.D4 3.35 1.3Z. 1·7'1 .1!.34- /./7 2."L! A_.7h /.7f 
Dissolved Oxygen** Q.=l /2.4 4.2. RA /0.0 ~4 _R.!.l_ ~~ 7.0 
COD** ;il.(.t. 411:.0 §.7 l'f.9 /9.7 tao LtLB_ _s;.o 3.5" 
pH+ 7.~ R.JI ,;..s ~-q -,.z t/14 8.0 8.4 7.4 
Total Residue** ,;zqq 75l:J 134 SNia 4.40 70 :w.~ RL:Itt!J .1'42. 
Dissolved Solida** J.e3 167 n 59 88 .34 ~ ~!> a4 
Turbidity+ 1M" ~R() S" Jt!r .300 s- st1 .ii/DD 0 
Color+ "~ ~ 5" IS 30 3 II ~5"' 3 Temperature*** /2.1., R~:s· 2.0 14.S 24.5 7.0 l~-2 2~0 a.o 
Coli forma++ 14.~ 1118Dt. 2D IHB~ S'5U II() .J.7D2 Z4.~ 6D 
~-:ca!_ ~~J:"eptococcal+l at~ ~~ 2 S:'t-00 ID_IUIC 61:10 -~ :!i3. '-IQil 4o . ~ 




















































Total Hardness* /07 
Alkalinity* 14, 
Nitrate Nitrogen** o.oo 
Orthophosphate** o.a 
Chloride** 
'"·' Iron** 0..-!15_ 
Sodium** /3.3 
Potassium** /./Jh 
Dissolved Oxygen** e., 
COD** 7.8 
pH+ 8.3 
i Total Residue** 
..e33 
Dissolved Solids** 217 
Turbidity+ ,, 
Color+ 
" Temperature*** 1'7.8 
Coli forms++ 2oo 
Fecal Streptococcal++ 
Table 2 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Dry and Wet Season Characteristics 
Sample Collection Point /lOS 
Dry Season 
S.D. 95% c. I. 95% F .c.r. Aver. S.D. U.L. L.L. U.L. L.L. 
IS·ob 100 ~5' 1:33 ..a3 28 , .ltf 
2~.5o 118 iJo 101 18 Sf 7.07 
38.1, 214 11'1 28-3 _Sj_ _55/_ Jt,.2/n 
4-:J,/t. 200 '13 278 IS' 40 1414 
o.o3 t:J .to t':) • .o/ o.o4 0.&12. 
O.l!i' 12. o.5" ,., o.f 
/0.17 .:!Jil.7 3.5" 4.q .2.33 
o.34 
"· 'll7 L'J.~ l.fl8 £').~ 
~.7R 211..7 ~-" 
0. II:J 2.07 /.2.'S ·.z.4ff o.84 3.4~ I.Jlil. 
0.'17 q_f? 7.4 lf.ftl 5.1_ fJ.7 aJII 
5'.aR 14.1 1."5 33.6 14.70 
o.~ R.8 7.~ t:j.~ 7. , "7. ~ 0.07 
~t.4e '5/ot:l I~ 420 4lb .4-d~ IO'R.Rif 
5~1JS 2ql 14~ 3'l8 ~h ~~~ 2A.o4 
20.ql. 370 /2.72!~ 
2.:so 10 2. 25' 7.o7 




1'12.~ ~ ..,d.(""i') 5"02.0.~ 
95t F.c.r. 
U.L. L.L. 
._g/1 as CaCOJ; **mg/1; ***°C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. a Confidence Interval; 






Total Hardness* 154 
Alkalinity* ~~~ 










Total Residue** 221 







Table 2 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Dry and Wet Season Characteristics 
Sample Collection Point 1110 
Dry Season 
S.D. 95% C.I. 95% F.c.r. Aver. S.D. U.L. L.L. U.L. L.L. 
18.Im 88 04 118 34 22. ~--,q 
;!:ll'l.~ R8 (o2, L22 28 .22! 3.s-o 
~7 .to~ 17~ 127 2~8 d:JS" 
..4."" 414 
..tl.l ~.~ It:. I 108 .230 3' 3.2 7.2i 
l] .If. l'l • .21 o.ol o.o8 t'l.~i 
0 5~ a. I (0.1.4. 
/(.q7 Z2-5" 7-3 3 . .2 ;;?.o3 
o.~t, a.8f o. ~5" .2.3o ~.10 
t...A7 l~.q .A..~ 2S /.~ 
t"J ,//, .::7,1~ 1.~1 . 24f! _L28 3.24 a.7.4 
/.b7 Q.2. ~.4 /2..0 4.2. 8.~ o.9A 
4.'18 Jl.tftl 4.8 42.3 /-!;33 
t"J.4( ~-2 7-7 8-Cf 7.0 7.4 0.~7 
.ltlt ~ 
-65" 178 3511 85' '7/, ~88.~'1 
~4~ 257 164 34't If 1~8 10'1.1'1 
4~.01 h6 4 ~ ~6(./4 
13-60 30 9 33 25".33 
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~/1 as CaC03; **mg/1; ***°C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. • Confidence Interval; 






Total Hardness* I~ 
Alkalinity* 14~ 
Nitrate Nitrogen** 0-07 
Orthophosphate** .2~3 




Dissolved Oxygen** llf.t:f 
COD** •. a 
pH+ !f.~ 
TotaT Residue** 2..4# 







Table 2 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Dry and Wet Season Characteristics 
Sample Collection Point /I loS 
Dry Season 
s.o. 95% c. I. 95% F .c.r. Aver. s.o. U.L. L.L. U.L. L.L. 
17.4fi" '12. t:Jo 12.1 3o ~~ 2.( ./2, 
;l/.tf/o 10~ 6:J2. 140 25 2.8 2.82 
:so.83 1~7 1~0 .23't 78 Iii 4.'14 
36."11 17'1 ,,, 242 .4f?' 3.4 ~-;.~ 
o.o7 o./4 o.of ~-~~ o.t'l~ 
J,:j5"' 
-4.0 o., 
14.04 44.h /8.0 3.1? t'.J,"77 
0.~~ o.~o o.o1 2..~"1 ,., 21 
2.411 Lf. ( 14.'1 .2.5":6 10.4 
o.6S ~ .t:f, 0·'' 2.68 o.fiJ 2.5tl 12.3 7.5 16.7 3.2. s-.q a.~~ 
~I:> ul.~ S:o 2.8.1 ""'q2 
"'-"'' 
q_o 8.2 q,7 7.S 7.2, o.oo 
~8.17 ~DA 1711 .4/t:l ~~ 333 4~.t.!Jl 
~.41/ ctf' I !f'O A It, 30 t:/.2 "!;: &.5 
~.o; IS 2. 2S8 ~1.81 
IJ.en ,, 2. .a3 3. 5'=j 
JIA4 a.e 3.B8 
2.72.95' 4.15'0 ::uRt_qa 
Wet Season 
95% c.r. 95% r.c.r. 
u.t. L.L. U.L. L.L. 
tmg/1 as CaC03; **mg/1; ***°C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. a Confidence Interval; 





Total Hardness* ~~~ 
Alkalinity* 1~7 






Dissolved Oxygen** ~-4 
COD** 7.7 
pH+ R.{ 








Table 2 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Dry and Wet Season Characteristics 
Sample Collection Point 1120 
Dry Season 
S.D. 95% c. I. 95% F .c.r. Aver. S.D. U.L. L.L. U.L. L.L. 
2.~-27 107 58 147 18 2~ (2.f/S" 
13.45' 8'5' I)~ /D8 33 24 UJ.40 
27.1Jo 18a. 124 :224 7/, ..t;"l) :;:~~ Rf 
:35'.81 174 t:lft:t 23" ~7 40 .2D.2'i 
Q.(q o.o~ .t"J.~ 
1.88 
//1.7~ 48-fJ <1.4 3.'i ~2<4 
o-33 o.fl o.a~ a:~fl o.~f 
t,..4H 2.7.2 ~-' 
t::J.40 ~.20 
'·'' 
"4.22. o-14 2-61 .0.2~ 
2.8ef 11.4 s:~ 
''A o.3 t;J,q 0-72. 
;!! .If/if 10.8 4.5' 42.4 21.47 
0.25' f/.4 7.8 8.8 7.4 7.$' os1 
~7.4~ 32fD 18~ d.~ 1,8 ~ ~4.47 
""-~ 2.t:f§ lfii'fl 41~ 4~ 75 41.10 A.R_W :::l.:>~ 21~.11 
15:7S" (7 S':77 




27S:Btf ,20 40 ~,33 ft~t..7i 
95% F.c.r. 
U.L. L.L. 
~/1 as CaC03; **mg/1; ***°C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. = Confidence Interval; 









Total Hardness* 1~8 
Alkalinity* ut~ 







Dissolved Oxygen** 7.7 
COD** 7.q 
pltF f$.2 
TotaL Residue** 273 
Dissolved Solids** 24.:f 
Turbiditv+ ~~ 
Color+ 15" 
Temperature*** I~ 0 
Coliforms-=1+ ~-3-f 
IYecal Streptococcal-1+ 
Table 2 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Dry and Wet Season Characteristics 
Sample Collection Point /125' 
Dry Season 
S.D. 95% c. I. 95% F .c.I. Aver. S.D. U.L. L.L. U.L. L.L. 
I ,./JS" /Of 70 lii81 42 2h /~.8S" 
12.~ 04 -rl 115" ~0 _2.8 14.1S" 
27.1/S" 1'14 142 2AI 95" £4 ?If I'JO 
'37.44 111'1 Ill 244 4!1 4~ 28.4~ 
t!!J.2.fi (;1.D4 o.oi!!. 
/.2f A.S" 2.-3 ~-~ 0.2 ~.A 2.2,t!lf 
.1o . .aa 4~.7 24.6 t:. (.{ 7.2. ~-q 3 . .2h 
t'l.:a4 0.76 o.~f a.z3 o. ~S'" 
/-oR .2~.0 lf.8 3=3.~ /.5"' f!.6 1.9~ 
o.s/, ~-4t) 1.58 ".&.5{ 0.47 2.47 o.z1i" 
2.35" '1-t:f 
-s:"' /3.&f 1.~ 8.7 0-30 
a.qs lt:J.7 &:.2 15:7 o.3 ~B .!i" 2.7- so 
0.2" 8'.4 7.'1 8.'8 7.S" 7.5" 0.35' 
-5'h.~ ~2~ 2.2.0 420 12~ .481 ~/"3./.,7 
A.7.7f --~ 2.t:>5" ~74 ,,a4 73 .JS.88 
.J.8.73 8o /0 278 P/l"l ...-::t 
/D.OO 24 to /2. 2.5"1 




~~tf.5"3 b4£' /7 10 ~toe. 4.bD3.2'l 
95% F.C.I. 
U.L. L.L. 
~/1 as CaC03; **mg/1; ***°C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. • Confidence Interval; 





Total Hardness* 87 
Alkalinity* ~.2 





Potassium** I. ~:t 
Dissolved Oxygen** S('.O 
COD** q,$1 
pH+ 7.7 
TotaT Residue** 108 
Dissolved Solids** e:lf 
Turbidity+ 14 




Table 2 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Dry and Wet Season Characteristics 
Sample Collection Point 1130 
Dry Season Wet Season 
S.D. 95% c. I. 95% F .c.r. Aver. S.D. 95% c.r. U.L. L.L. U.L. L.L. U.L. L.L. 
14./4 ~8 35 ~z. , 20 /3.8'1 
/6.2/, ~4 27 2.1 /1.00 =38 3 
~tl.ll 112. ~~ lbo 14 40 247/ 7ef I 
~ 1.17 108 5', 160 3 32. .25'. ib 
~ 2~ o.ob l:J-"'n 
~.oo o.o ~.00 o.o l").O 
1.71 5.8 ::~..t:l 8.6 a_._O 1.8 I. t.~ 
0.2~ o.BII t:J.-44 /.34- ~.00 1.44 1').~1 s:44 (.~5" 
1.~4 ~.7 /. fl -5.5 l"')_t") ~4 I 2R 
~.,q 2..02 /.a4 ·.2.~1 a.S'6 2. II ~-~q 
2.51 10.4 .i&i:7 14-.h /.5 8.1:/ l")_7~ lt:l. { 7.R 
1'/. -5S' /l/.111 ,.,,q 3f.q 2h co 
o.44 a.o 7.3 9.8 ~.s- 7.2. /? ~7 
.i&l~ ~~ 14/;, 0q 7Sb ~R~.s~ 
~~.74 /2q 5".2 57 ~7.4~ li!':11 14 
IO.t:l~ 4'31 =J/4 ~"J 
~~.,5 30 5" 2q 24.'/S' 
ff.31itf /1.7 3.75 




~/1 as CaC03; **mg/1; ***°C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. a Confidence Interval; 




Table 2 (Continued~ 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Dry and Wet Season Characteristics 
Sample Collection Point /135" 
Dry Season 
S.D. 95% C.I. 95% F .c.r. Aver. S.D. 
Wet Season 
95% c.r. 95% F.C.I. 
U.L. L.L. U.L. L.L. U.L. L.L. U.L. L.L. I 
Calcium* 38 1.87 47 2t:f &4 12 /7 //.Of 
Magnesium* ~~ 7_~I,q 38 23 ~~ 10 I~ t:I.D"7 
Total Hardness* ~q 
'"·'" 
~4 ~4 ,,, 2..7 ~5" ::u1 n'7 
Alkalinity* /A t.l;.~ 18 4tf '"~ 2~ 3f ~.10 Nitrate Nitrogen** l'i #"')"' 0.04 Q.O'f o.of o-:o4 ~.o4 
Orthophosphate** ol.l.O o.o4 
Chloride** 2..b f!J.84 3.4 1.8 .lllf! o.4 1.114 I. ':fz:-
Iron** t':J.~IJ ~.4R /./I 0.:21 /.?4 ~.?)t 
SOdium** .2.~ , qR ~2 1.4 2·S. 1.7~ 
Potassium** ::2.00 o.~ 2.73 l.#l, "3.47 0 52. 2.44 ~.':ID 
Dissolved Oxygen** ~~ 1.68 6.'1 3.&' q,7 o.q I!!J_4. I.OD 
COD** lo.R 5.31 1~9 .r;:q 37.$' 21!..4~ 
pH+ 7.4 o.2/, 7·' 7./ _a.1 ~ .. ., 7. , 0.~7 
TotaT Residue** ID7 1'1. ,, !25 88 15tl !iS I:J77 ~n/IC)2 
Dissolved Solids** .,4 Pn27 112 7S" 147 61 5'1 ~-'·'q 
Turbidity+ ltn q,32 24 7 32R 27/.n, 
color+ 3"l 81.1'1 55' 15' IG o.oo 
Temperature*** 15:3 1a2h {1.8 4.~ 
ColiformsH 77 7tl.41:J 15'0 5" IJ.R50 II.D!l'O 
Fecal Streptococcal++ 
-~- -----------------
~/1 as CaC03; **mg/1; ***°C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. • Confidence Interval; 








Total Hardness* q; 
Alkalinity* t:Jo 











lTotal Residue** IZO 






Table 2 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Dry and Wet Season Characteristics 
Sample Collection Point 1140 
Dry Season 
S.D. 95% c.r. 95% F.c.r. Aver. S.D. U.L. L.L. U.L. L.L. 
/1.77 ~4 35' 85' 13 2o /4.14 
R.s&, ~!J 37 7~ 2.1 ..2._1 ~.8'/ 
l!i.2Z. ~~~ "7R 143 ~ _41 ,24.o4 
14.17 107 72. 1~3 4-7 2_3 a4:74 
a.~ I o.G&. G.0,2 0·/0 o.oo o.c2. l"'l.O~ 
o.oo 0.<!:» o.o o.o a .a_ 
1.20 4:2 ,,2 Ltl o.7o 
o.1R o.56f o./5' _LA2. 1./5' 
2.;et:l _L~ &J,ql 
o.to L.3~ /.87 
/. ft:f 8.5" !>.5 tc.h ~3_ a.z. 1.40 
~-40 1_4.~ 2.1.~/t~ 
D.Z~ 7.f/ 7.2 8.2. 6.9 £.1? o.oo 
z~.h3 15"D ~~ 1412 A!/_ A7:t. Jt>/o.~ 
a4.57 lA~ R.2. /87 ~7 ~ 1.4.~ 
4.18 II 4 ia~R .;t~.cl 
~2 82. /3 3.53 
S"'.:IC 1o.R 5:3o 
21~98 ~~ ~1-5'.111 
Wet Season 
95% c.r. 95% F.C.I. 
U.L. L.L. U.L. L.L. 
~/1 as CaC03; **mg/1; ~C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. ~ Confidence Interval; 







t \liapeai.um* ID2 
'tot.a\ \\at:d:a.eaa* 12.&f 
Alblin.itl* 114 
Bitrate Nitro&en** o.o4 
Ortho~hos~hate** 0 .( 
Chloride** 
..2.8 
Iron** tD. 71 
Sodium** .e.a 
Potassium** /.IP8 
Dissolved Oxygen** 8.7 
COD** 
.A.Z. pH+ 7-7 
['fotal Residue** 14q 
Dissolved Solids** 14 { 
Turbidity+ '~ 




Table 2 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Dry and Wet Season Characteristics 
Sample Collection Point I 14!;" 
Dry Season 
S.D. 95% C. I. 95% F .c.r. Aver. S.D. U.L. L.L. U.L. l..L. 
S"Jih 77 s-8 11.8. 41> 18 /c-33 
8'.ot 75" 4q Cfo 33 IB l.t!~.7R 
jf.S"f 14'7 llf 170 88 ~b aa.en 
IS'.b1- 144 Q4 175" 1;,4 ~6 34.03 
o.o~ o.IO 0.00 o.o'S" O·o5' 
o.o5 0.2.. 0.0 a.o ...-J.O~ 
o.42, 51.5" 2.1 4.3 /.3 /.':t /.02.. 
~.4'1 .1.2:/f e;~.88 
ll":J.2o 3.1 2-4 ~.5' 2.0 ~.s c::>.61 
o.4'/ .e.$9 0.47 
1-3'3 /o.R ~.fD /3.4 4.0 7.2 1.42.. 
.A-.52. ~q.7 47'.2/:) 
o.3o 8.2 7.2 8.8 ~-" 7. I 0.37 
1<1.4.11 1 flq tiR 2.1R 1/o 84h ~qA( 
17.~1 41, ~.d,o 
I~SZI 47!1 EM,,!¥/ 
16.76 33 2.7.8~ 













~/1 as CaC03; **mg)l; ***°Cj +units; ++organisms/100 ml; S.D.= StandaTd Deviation; C.l. • Confidence lnteTval; 










total Hardness* IOif 
Alkalinity* IDQ 






Dissolved Oxygen** q,7 
COD** 10.1 
pi+ Sl.2. 
[Total Residue** l!r~ 






Table 2 (Continued)_ 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Dry and Wet Season Characteristics 
Sample Collection Point //~' 
Dry Season 
S.D. 95% c. I. 9 5'7o F • C • I. Aver. S.D. U.L. L.L. U.L. L.L. 
~.t14 71 4'1 84 35' lo aoo 
11.5Z. ~ ~4 !lO B ,0 Z-i:'O 
IB.3f J:j8 RO 174 44 .2.1::> 2.DO 
::n~ 14~ 75" /8!;" ~~ 14 S.Sb 
~.t'.):r ~-'' ~.of t::J.e>~ (:'.c:>3 
t':l./4 
1.!:"4 /1.0 ll.l {4.0 ~.0 /.!3 0.34 
0.14 o.4tif 0-t'>~ /.88 o.38 
o.4i!! 
o.o8 i~ 1-0~ 
~.Bo tS":.a 3.~ 9.R o.l.lfr 
'.ll't. "~ I 72. /~.9 ~-"' '::i'R.q '""' 70 
o.42. Si'.t:l 7.5' t:/.7 6-7 671 OAO 
t8.e~T 184 12h 2.((/ q( 44QI 28-1 
15"-~ 172, 126 ;lD3 Q:C 71, 2./,.16 
t:J.DO 
1~.22. 




52. 'Sf 9,8«; friiili.4ii 
95% F.C.I. 
u.t. L.L. 
~/1 as CaCOJ; **mg/1; ***°C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. • Confidence Interval; 









Total Hardness* L9S 
Alkalinity* /72. 







[bissolved Oxygen** q,l 
COD** i3f 
pH+ 8.2. 
Total Residue** ~3q 






Table 2 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Dry and Wet Season Characteristics 
Sample Collection Point 2105" 
Dry Season 
S.D. 95% c.r. 95% F.c.r. Aver. S.D. U.L. L.L. U.L. L.L. 
2o.36 II 'I ~I 15"4 4L 3' 14.42 
IS.74 1/C 81 ,~, S4 ~ 10.Sl1 
~5':4'1 ~8 lfb3 2.88 10~ 70 Z4.33 
42.24 Jail 133 z82 ~I 53 17.47 
0.94 o.o~ o.o~ 
2./i:, 8.1 4.1 /(.a o.5' 4.8 a.~!) 
22./0 7'2.3 ~1.4 S.d:,·· ~-5S' 
~-~ 0.4-S' ~.1':2'7 /.70 o . .ll4 
19 7&/ s.z..~ 1~.0 ;!2.5' 16.48 
1.24 5.o2. 1.o6 2..2.~ o.ss 
1-4~ /0.4 7.7 12 .. 8 s:~ 8.6 I.IJS 
fl.~&. 2L:J.5 s:t.. ':f2..1 2o.T4 
o.ao 11.4 'R:O B-7 7-_h_ -z5' o./7 
7'fl.22 .4.11 2(,1 ~J,J. I~ 37~ ':f"T/.00 
76.ttdl ~tlfB aS'~, 5'.28 ~ _B__o .4R4tl 
22 . .25 151 :Z/5'.94 
R. -lf It:/ ~ 12. ,,.1Pf, 




!179. 70 /467 3~ L~~S'llt) 9442. tf8 
95'7.. F.c.r. 
U.L. L.L. 
~/1 as CaC03; **mg/1; ***°C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. • Confidence Interval; 







The most significant changes in characteristics between the dry and wet 
season were in the total hardness, calcium, magnesium, alkalinity, COD, coli-
forms, and fecal streptococcal organisms. The presence of a significant num-
ber of coliforms and fecal streptococcal organisms after rainfall was attributed, 
for the most part, to cattle excretions which were carried by the runoff to the 
stream water. 
Spring Branch Creek, which flows perennially, drains into the Dry Fork 
Creek about three miles upstream from sampling point 1156. Water could 
always be collected at sampling point 1156. 
Little Dry Fork Creek, which also is perennial, flows into the Dry Fork 
Creek between sampling points 1125 and 1130, carrying effluent from two Rolla 
sewage treatment plants. Water collected at sampling point 2105 contained 
high concentrations of nitrate nitrogen, chloride, sodium, dissolved oxygen, 
and coli forms. The high concentrations of these characteristics can be at-
tributed to the presence of sewage plant effluents in the water. Therefore, 
Dry Fork Creek was affected by this tributary below sampling point 1125. 
Usually no flowing water was found in the Dry Fork Creek upstream 
from sampling point 1160. The water sampled at points 1165, 1167, 1169, 1172, 
1174, and 1176 was stagnant rainwater and exhibited the same characteristics 
(i.e. , low calcium, low magnesium, low total hardness, and low alkalinity 
concentration) as other samples collected after rainfall. 
On February 10, 1966, after two days of heavy rainfall, a water depth of 
approximately 30 feet was observed by a local inhabitant at sampling point 1140. 
According to this observer (29), this was the greatest flow in the Dry Fork Creek 
48 
since 1950. By February 12, 1966, when a sample was collected at that point, 
the water was down to five feet. The water was very turbid in the Dry Fork 
Creek and was also turbid in Norman Creek, but was comparatively clear in 
Benton Creek. According to local residents (30), a cave located in Phelps 
County (Sec. 22, T. 36N., R. 7W.) one mile east of Highway 72 on a county road 
receives a large amount of surface runoff during periods of heavy rainfall. The 
water disappears within several hours after rain ceases. 
Norman Creek is generally considered to be an intermittent stream con-
taining no water, except for some days in the year when small seepage which 
flows for a short distance and infiltrates to the ground can be seen. Water sam-
ples could, therefore, be collected only after heavy rainfall. On these occasions, 
material carried by runoff water contributed a colored and turbid flow to the 
stream and the stream water flowed over all low water level bridges. 
The characteristics of the Norman Creek water collected at various 
sampling locations (Figure 3) on several dates are shown in Table B-2, 
Appendix B. Average, maximum, and minimum values at each sampling 
point are given in Table 3. 
Samples collected after rainfall showed characteristics similar to those 
of Dry Fork Creek. The total hardness, calcium, magnesium, and alkalinity 
were considerably low; COD was high due to the organic material washed down 
from the drainage area; the total residue, turbidity, and color were also high; 
a significant number of coliforms and fecal streptococcal organisms were found. 
The average value, standard deviation, and· confidence intervals for the wet 
season are presented in rfable. 4. 
Characteristic 4105. 
Ave. Max. Min. 
eatduaa* /0 IS" & 
)olapesiua* II 13 8 
!Total Hardness* 2.2. .28 it/ 
!Alkalinity* 15" .2D_ _b_ 
~itrate Nitrogen** o.o7 ~10 o.M. 
IOrthophospha'te*'* 
- -
!Chloride** /.0 ,.g_ o.o 
[Iron** /.97 a.3Z /.04 
Sodium** 4.2 5:f 3.2 
!Potassium** 1.110 2.411 /.25' 
!Dissolved Oxygen** t:/.J:} hUl._ ~0 
.42.5 ?~.S' ID·I 
I PH+ "'"7.3 g. a h.~ 
!Total Residue** IA-'14 '104 72 
IDisaolved Solids** 4'1 '7~ !14 
Turbidity+ 3S8 ~00 22. 
Color+ 2.7 _70 '7 
Temperature*** .JtJ~ 14.5' !;.5' 
ICoUforma++ 7.:J«< 126M !aOD 
Fecal Streptococcal+~ ~s.- - -
Table 3 
Stream Water Studies 
Quality of Water in Norman Creek 
Average, Maximum, and Minimum Values 
Sample Collection Point 
-4110 4fiS' 4120 
Ave. Max. Min. Ave. Max. Min. Ave. Max. 
17 ~3 a 15" 34 8 43 so 
2.0 ~t, /0 23 h2. _6__ 40 4h 
~7 •a Ill 38 1116 18 5?3 qi_; 
2B c1:i ~ 26 .~. _b_ j8_ q~ 
n.n~ d/2, o.oo o.ol. o./o o.o_3_ O.J:l!L D.~ 
- - - - - -
o.t:JO D..OC 
/.1 t.a /.I /.6 1/l l~ 2.4- =t,4o 
1·72. z.Bo o.3z o.tiD /.72 o.3b o.4/ O.S'~ 
.;ll.3 48 0·'1 3.8' 7.2 
..LJl. .2.3 2.11/-
/.42. /.7f D.44 1-74 3.12. oM - -
t:/.0 t:/.7 8.4 a/1 '"·~ 7.{ s.z 5:~ 
.V.4 s-o.o 14.8 42.2, 89.8 8.3 2.7 s:s-
'7.4 R.a 6.S 7.~ 7.7 ~-4 7.~ 7.6 
Z25 ~2.h 71!. ~0 l2. .. H4 A.b. llQ_ 140 
~7 104 31, t;o 88 31 IDS' 1~2. 
12.' ~(0 0 25'4 f~()()(J 0 4 s-
"' 
/!) 0 .£3 75" _S. .2_3_ S"D 
9.4 I.J..S' ~.0 B.6 15.0 3.0 - -
5067 /0.1~ 1'7!0 -~ /J!Dt'JI. ao z,lxJ ~2{} 38.()f)4 
- - .,~~"' .:.. - - -
~/1 as Caco3; **mg/1; ***°C; +units; ++organisms/100 ml 
412S 
Min. Ave. Max. Min. 
38 8 10 b 
30 12. 14 (/ 
lt;.ti 2o il2. Ill 
65' II 19 
' o.oo o.D4 0.07 o.of 
..... ...,...,. 
- -
J.7 /.t:l ,2.5" /.2 
o.3e /.46 3.12 t:~.7o 
2.3 .d..l 5'.5' •·9 
- 0.4~ 1.40 .. Q.~ 
5:'0 B.~ /0.2 7.0 
o.o 28.4 4~.7 q_g. 
"T.s- 1!..8 7.4 ~.4 
RZ 145' ~8.2 So 
Ro S"4 84 Ill 
;> t;,o 210 a 
10 25' tf/0 3 
-
g. g. ~~~ 3.0 











































































Stream Water Studies 
Quality of Water in Norman Creek 
Dry and Wet Season Characteristics 
Sample Collection Point 4105 
Dry Season 
95% c. r. 95% F. C. I. Aver. S.D. 





















95% c.r. 95% F.c.r. 
u.L. L.L. U.L. L.L. 
,, 4 
I~ 8 ,q 3 
;14 14 ~a 5" 
~~-. 2.7 7.~ o.9 
IIA 6.5" 14.~ ~.4 I 
7t:f ,q 
~/1 as CaC03; **mg/1; ***°C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. = Confidence Interval; 























Table 4 (Continued) 
Stream Water Studies 
Quality of Water in Norman Creek 
Dry and Wet Season Characteristics 
Sample Collection Point 4115"' 
Dry Season 
95% c. I. 95% F .c.r. Aver. S.D. U.L. L.L. U.L. L.L. 
10 2.30 






I ll4 ...:>.~ 
.2_.~ 
'· =t~ 











95% c.r. 95% F.C.I. 





~~ 15"' 42. ~ 
~f 0-8 
lo-8 6-h 13.4 4-0 
8'~ ii!.o 
~/1 as CaC03; **mg/1; ***°C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. • Confidence Interval; 







Table 4 (Continued) 
Stream Water Studies 
Quality of Water in Norman Creek 
Dry and Wet Season Characteristics 
Sample Collection Point 4125" 
Dry Season 
95% c. I. 95% F .c.r. Aver. U.L. L.L. U.L. L.L. 
Wet Season 
S.D. 95'7.. c.r. 95'7.. F.c.r. 
U.L. L.L. U.L. L.L. 
1 calcium* a 
'·"3 If S' 14 2. Magnesium* /2 ~.~2 ,~, S} 2( 2. 
Total Hardness* 2.0 " "7 ..... 22. /7 2.~ t4 
Alkalinity* , ~.42 
litrate Nitrogen** o.o4 ~.az O·Oltf o.oo 
Orthophosphate** 
Chloride** , . er o.ql 
Iron** l.~!i 1.2R 
Sodium** ~-'. ,,,~ ~42 2.o 
Potassium** o.tlo ....,,~() 
Dissolved Oxygen** R.l 1.~.2. ~0.11 ~.fL:, ,':t~ 4.0 
COD** 28.~ J'i/.45 
pH+ 6.8 o.~ 
lTotal. Residue** 16'/J l:i.i-. 5"~ 
Dissolved Solids** '!iS' 3Z!7 107 2.. 
Turbidity+ 76 4/(7 
Color+ 3o 4o.63 
Temperature*** lo.7 1).2!1 
Coliforms"l=F I. tHlo 211~76 
Fecal Streptococcal+J. 
~/1 as CaC03; **mg/1; ***°C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. • Confidence Interval; 
F.C.I. = Future Confidence Interval; U.L. =Upper Limit; L.L. = Lower Limit. C1l l" 
53 
Benton Creek and its tributary West Fork Benton Creek are considered 
to be perennial streams. The water found in Benton and West Fork Benton 
Creeks was generally clear, cool, less contaminated. Water quality char-
acteristics at several locations (Figure 3) along these creeks are presented in 
Table B-3, Appendix B, and the average, maximum, and minimum values at 
each point are given in Table 5. The average value, standard deviation, and 
confidence intervals for the dry and wet seasons are shown in Table 6; values 
are presented whenever sufficient data for statistical analysis were available. 
As can be seen from the data presented, the water in Benton and West 
Fork Benton Creeks had a considerably low content of nitrate nitrogen, sodium, 
chloride, COD, and color. Coliforms and fecal streptococcal organisms were 
found in most of the samples. Rainfall decreased the concentration of alkalinity, 
total hardness, calcium, and magnesium, but increased the coliform and fecal 
streptococcal count. Mineralization of the water increased throughout the sum-
mer as the stream flow decreased. 
B. SPRINGWATER STUDIES 
The spring sampling points are shown in Figure 8. The location of the 
spring sampling points and the property owner, when appropriate, are also 
presented in Table A-2, Appendix A. The individual analyses are listed under 
the date of sample collection in Table B-4, Appendix B. The average, maxi-
mum, and minimum values were also computed and are presented in Table 7. 
The quality of the spring waters varied with location. In general all 





Stream Water Studies 
Quality of Water in Benton and West Fork Benton Creeks 
Average, Maximum, and Minimum Values 
Sample Collection Point 
71"5' 7//0 71/S" 71~" ·stoS" 
1Ave. I Max. I Min. I Ave. I Max. I Min. I Ave. I Max. I Min. I Ave. I Max. I Min. I Ave. I Max. I Min. 















Dissolved Oxygen** fl.Z 
COD** 5:0 
pH+ 8.1 
l'rotal Residue** 14.~ 







Stream Water Studies 
Quality of Water in Benton and West Fork Benton Creeks 
Dry and Wet Season Characteristics 
Sample Collection Point 7105" 
Dry Season 
S.D. 95% c. I. 95% F .c.r. Aver. S.D. U .L. L.L. U.L. L.L. 
15':.1,2 q' S7 124 2.q 
Jh.'12. q~ s~ 125" 2.3 
~t:1.74 .197 II~ 241 ~0 
~I.Zh ~~~ ~07 241 5"1 
~.o4 
~.oo o.o 1!':).0 o.o c.c 
o.At.. 2..4 I. 3 3".3 0.5 
i'"\.1!:>4 
~.el. 7.4 tt:J.2.. 
~.13 
18~ lo.5'" .~;:q 1/!l.l:f 2.~ 
...t._t:J I lo.o c. I 
o.a=J 8.4 7.&:1 8.8 7.4 
~1.4~ ~lf2. /o4 .238 47 
28.1&:, 1711 8-'1 2:tJ3 ~_3_ 
o.oo 0 0 0 0 
o.oo 0 0 0 0 
Q.tM Z.5:8 /.;l. 
.2L:J.21 
Wet Season 
95% C.I. 95% F.C .• I. 
U.L. L.L. U.L. L.L. 
*mg/1 as CaC03; **mg/1; ***°Cj +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. • Confidence Interval; 






















Table 6 (Continued) 
Stream Water Studies 
Quality of Water in Benton and '\Nest Fork Benton Creeks 
Dry and Wet Season Characteristics 
Sample Collection Point 71/0 
Dry Season 
Aver. I S.D. 95% c. I. 95% F .c.r. Aver. S.D. 1--U.L. L.L. U.L. l.L. 
8o 
f-·- t6.7i!. -~z 68 /20 41 28 (/.31 
ao 1347 t:to 7/ 1/2 4'8 -34 11-~1 
,,, 2.7.88 OJI 14 ( 22.7 q~ 62. 22,.6Z, 
!58 .2~.44 178 137 2Z5" 90 ~ (<:f.OCf 
c.o8 a. oR 0·14 o.oa. o.o4 o.oz. 
CJ.f o.Z~ 
-A A- J1.47 
0.15" 0.17 o.27 0.02 o.3'1 t')./4 
(D • .a, ~.12. 11.4 /.Z. f_.B o.42.. 
0.12. o./3 
e.7 /./o q,~ 7.8 1/.4- 6.0 9.2 f./3 
5".Z. 8.44 
B.o 0.17 e.z 7·'1 8_.4 -,.r, fi'.O 0·70 
-173 ~5.30 ~2~ 112 344 2 /57 
IS2 3Cf-74 1'14 Ill ..Z.'-3 4Z 7f tS-38 
4 -3.16:. 
- l 10.60 0 o.oo 0 Q 0 D 8 
13., 8.'1'1 e4S I 2-L~ //.§_ -5"·30 1-· 
~4 39.62. 65 4_ -728 102/.C, 
Wet Season 
951. C.l. 95% F.C.I. 






--1- I J 
i 
~ -t I +--· ' I 
I 
11mg/l as.CaCOJ; **mg/1; ***°C; +ullits; -H-organis~/100 ml; S.D.= Star.dard Deviation; C.I. a Confidence Interval; 






Total Hardness* ~~ 
Alkalinity* ~~ 
Table 6 (Continued) 
Stream Water Studies 
Quality of Water in Benton and West Fork Benton Creeks 
Dry and Wet Season Characteristics 
Sample Collection Point 7115 
Dry Seasora 
S.D. 95% c. I. 95% F.C.I. Aver. S.D. u.t. L.L. U.L. !..L. 
19.76 98 49 134 14 
15.42. 8'0 41 107 14 
211.02. 170 qe 22.~ 4b 
3~.'11 17~ '12. 
.£....37 ~1 
Wet Season 
951.. c.z. 95% F.C.I. 




· Ni 1;fate Nitrogen** 0.02 .o.of o.o4 0.01!3 
Orthophosphate** 0.0 o.oo o.o o.o o.o o.o 
ChlC).ride** 2.0 ...,,~0 if!.&!, 1.4 ~-5" o.s 
Iron** 0.07 !CJ.o&l 
Sqdlum** 
..2.4 . !CJ.iJI> ~.2 1.~ 4.4 a.+ 
.. 
Potassium** 0-13 0./IJ 
'Dt.•solved Oxygen** ,.q 2-51 1/.0 4.7 15"-5" 0-2. 
I COD** _1_.4 1-32 
put 7.'1. o.th 8'.1 7.7 8-4 7.4 
I Total -Residue** 15"6 24.77 187 125" ~3{ 81 
Dissolved Solids** !2.8 35:o8. 1114 72. 25-=J 3 
Turbidity+ _Q o.oo 0 0 0 0 
Colo.r+ 0 O.QO 0 0 0 0 
Te11perature*** 12..4 8.5"6 23.0 /.7 
Coli forms++ ~ 4.7'"1 12. 0 [Fecal Streptococcal++ 
~g/1 as CaC03; ~g/1; ***°C; +units; ++organisms/100 ml; S.D.= Standard Deviation; C.I. • Confidence Interval; 




1 Total Hardness* 
Table 6 (Continued) 
Stream Water Studies 
Quality of Water in Benton and Wes'h Fork Benton Creeks 
Dry and Wet Season Characteristics 
Sample Collection Point 712C 
Dry Season 
Aver. s.n. 95% c. I. 95% F.C.I. Aver. S.D. U.L. L.L. U. L. L.L. 
S4 f~.f/2 67 4( 95" 13 17 4.24 
S1 1(.117 ~ 4Z. ~ 22. 16 7-77 
10~ .2.6.40 IZil as 170 4( :;"3 /.2-02. 
Wet Season 
95% C.I. 95% F.C.I. 
U.L. t.t. u.t. L.L. 
' 
-Alkalinity* 102. 29-80 /25' 7~ 174 21 28 5.~5" 
Nitrate Nitrogen** o.oll 0-0' o.l( o.of o.o6 o.o3 
Orthophosphate** t:":J.O CJ.OO o.a C).() tCJ.a o.a 
.Chloride** /.8 0·-~. 2-3 1.4 :s.z o.4 
Iron 'Irk 0./3 o./3 o-.23 0.0~ 0-60 o./4 
~~~ium** . 1.8 a.h/J .a.4 ,., 0.8 o.oo 
Potassium** 0·17 C-1~ a.62. o.2f 
--Dissolved Oxygen** 7-~ 1-~7 q.o 6.2 /1.8 :.3.4. _q_._~ 1-1:11 
.COD** 2.1 2./8 4,1 o.f IS:O /S:O' 
pH+ 7-7 o.af 7.'1 7.1:, 8-3 7-2 7-4 o.2f 
Tota! Residue** 121!. ~-4J_ 162. 81 ~, 15" 72. lh-~7 
Dissolved Solids** II?. ~h.~ 1~8 08 223 3 5'7 a.ta 
Turbidity+ a o.oo . 0 <2 0 0 13 10·~ 
Color+ 0 4'.00 0 0 0 0 8 /o.6o 
Tempet:ature*'A'"k 12.'5 'i?-17 22.7 .z.~ 10.$ S:6S" 
Coli forms++ 138 1'17-Si_ 22_1 ~/S'.:J6 
Fecal Streptococcal++ I 
~g/1 as CaCOJ; **mg/1; ~C; ~nits; ++organisms/100 ml; S.D.= Standard Deviation; C.I. • Confidence Interval; 







1 Magnesium* 78 
!Total Hardness* J~4 
Alkalinity* 148 
Nitrate Nitrogen** C-06 
Orthophosphate** o.o 
Chloride** l,q 
Iron** O·f5' ~' Sodium** /.7 
Potassium** 0-12 




Total ResTclue** 185' 





Fecal Streptococcal+f L___._ _____ -
Table 6 (Continued). 
stream Water studies 
Quality of Water in Benton and West Fork Benton Creeks 
Dry and Wet Season Characteristics 
Sample Collection Point 8105" 
Dry Season 
S.D. 95'7o C • I. 95% F .C.I. Aver. S.D. U.L. L.L. U.L. !..L. 
2.1-60 92. 5t:j 12fT ~3 Z7 3.53 
2.1.31 9!;" ~2. ,,0 2.7 2.~ 7.77 
42..32 187 122. .2~7 -s-1 52 1(.31 
47.'58 llfS' ua Z64 32. 4~ 5:65 
o.o4 o./o o.a.a 0.14 o./4 
o.oo o.o o.o o.o 00 
0.40 a.z J.b ~.q 0., o.e:t .f, =r4 
0.13 o.as 0,;05" t-Z4 o.9~ 
...Q.45 z.o /.3 I .if!,f/ o.S" (. fL3 o.98 
0.13 c.RI 0.~8 
/.22. 8-7 ~Jl . 10.7 4.8 q,4 2..-ab 
~.&/7 17-5_ jo.~ 
0.12. ft. I 7.q 8-3 7-7 7-~5 c.4Cf 
40,q~ 223 148 29=t 78 /!JZ. !Zf!, ~~ 
44.10 .23~ 140 3o'l ~ 84 =34-414-
o.cc 0 0 0 0 2~ 24o4 
a.co 0 0 0 0 8 3.53 
q.77 ilS-3 /.' ((.3 6.ct 
182.74 30.2.. ~---· 52S" ~f.o4 
Wet Season 
95'1. c.r. 95'1. F.C.I. 




*mg/1 as caco3; **mg/1; ***°C; ~~nits; ++organisms/100 ml; S.D.• Standard Deviation; C.I. • Confidence Interval; 





Rainfall significantly affected turbidity, color, and flow rate. All springs were 
found contaminated with coliforms and fecal streptococcal organisms. Samples 
collected in the Benton Creek watershed contained a higher concentration of cal-
cium, magnesium, total hardness, and dissolved solids, than those obtained in 
the Dry Fork Creek watershed. 
On April 23, 1966, Meramec Spring had a very turbid, froathy flow due 
to a heavy rainfall on April 22. Most of the small trout fish in the hatching pools 
along Meramec Spring were carried away by the large spring flow. 
Spring sampling point 1220 was locally referred to as "Wet Weather 
Spring''; flow occurred at this spring usually only for a period of one week or 
so, after heavy rainfall. Figure 5, p. 30 shows the difference in appearance 
between the dry months and wet months of the "Spring at the Head of Stedman's 
Lake". 
C. WELL WATER STUDIES 
Well sampling points are shown in Figure 9 and their owner, Missouri 
Geological Survey log number whenever available, and approximate depth and 
distance from the creek are listed in Table A-3, Appendix A. According to 
a study by Crouch (4), the ground water from drilled wells in this area is found 
in Roubidoux and Gasconade formations. Open joints and bedding planes in 
these formations indicated they were semiconfined. 
Wells have been divided into two groups, the pumped wells and the open 
wells (no pump was used and the water was drawn from the well by hand). Some 
of tbese open wells. were the Ut:tlversity of Missouri at Rolla research wells which 










Spring Water Studies 
Quality of Water in Springs in the Study Area 
Average, Maximum, and MinimUm. Values 
Sample Collection Point 
1210 !.iUS 7209 
Ave. Max. Min. Ave. Max. Min. Ave. Max. 
7/ as 44 72. &/7 25' IZo 1~2. 
Min. 
tt:JS 
Magnesium* ~ Ro 4~ 7q 103 _44 113 12~ .ID~ 
Total Hardness* ~~~ 1~4 qo 1~1 litO 69 2U ;>.4."' ;~o 
:Alkalinity* 128 nho Q9 1-211 167 ~ ~ 2U ~n'7 
!Nitrate Nitr~gen** D.2tl "-~ o.oo o.4~ 2.4D o.oo 0·11 D.47 o.oo Orthophosphate** c.f c.4 o.o o.o o.o 0.0 o.o - -
IChlor1de** ~.2 5.2. 2.1 A..2. A.~ 4..8 /.7 1.(1 lA 
I Iron** o.28 1·60 o.o. c...aa. o . .Sit .o.~ D.tJJl o.2J4 o.tJ2 
Sodium** ,2,q 4.5 z.7 4.2 ~-0 3.2. .Z.#J ~-2 .2.5" 
Potassium** o.s2 I·Of o.oo o.7J!! 1.17 o.J, 0-~ ~.oq O,,eM} 
IDissolve~~en** 6..q '7.6 4::R t!/.4 /D./ a.s- ~ &'.3 ~ .• I 
COD** 
.z.3 a.3 ~-q 7.0 25'-1. o.o J-4. 2.~ o~o 
pH+ 7.6 '7.q 7..2 '7.4 7.6 7.0 7.7 ff.f 7.~ 
Total Reaiclue** I~ 192.. ID4 1~2. 2./D 7.ll. .2.I:JQ_ ~1.2. 2LJD 
Dissolved Solids** I~ 1Rn Q~ 1~2. .2./D 711 .2.1110 :lilA 2.oc 
Turbidity+ IIIII. ~ D Q 0 0 0 0 ..., 
Color+ I ~L) 0 0 0 0 0 0 0 
Temperature*** 13.8 15"-S" 12.5' 14.4 16.0 13.5'. n...s. ~0 12.0 
IColifoi'IU++ IS' '-0 0 ~7 ICt:J z. ~ IR l!:l 
Fec:al Streptococcal# 
' 
12. 0 683 1~320 411 0 - -
















































terrain and used for the purpose of checking static water levels, ground water 
flow, and ground water movement. 
Water quality characteristics of subsurface water at the various well 
sampling points are presented by date of collection in Tables B-5 through B-8, 
Appendix B. The average, maximum, and minimum values are given in 
Tables 8 through 11. 
All the waters from pumped wells were clear and did not or did only to 
a minor extent exhibit chemical oxygen demand. Some wells were found to be 
contaminated, as evidenced by the coliform content of the water. There was 
no evidence that the contamination had entered directly from the surface. The 
waters in these wells varied in calcium, magnesium, total hardness, and dis-
solved solids content. Two wells, 1130 in the Dry Fork Creek drainage area 
and 7310 in the Benton Creek area, were found to contain significantly higher 
minerals than the other wells sampled; the mineral content of wel11325 in the 
Dry Fork drainage area was greatly reduced. 
Coliform and fecal streptococcal tests showed that most of the open wells 
were contaminated. Some of these wells were abandoned, and dead crickets and 
other small insects _were present in the water producing a rotten smell. The 













Well Water Studies 
Quality of Water in Dry Fork Creek Drainage Basin 
Average, Maximum, and Minimum Values 
Sample Collection Point 
130S 1~10 13/S 13_17 1320 
Ave. I Max. I Min. I Ave. I Max. I Min. I Ave. I Max. I Min. I Ave. I Max. I Min. I Ave. I Max. I Min. 
'*mg/1 as CaC03; **mg/1; ***°C; +units; ~rganisms/100 ml 
0) 
C1l 
Table 8 (Continued) 
Well Water Studies 
Quality of Water in Dry Fork Creek Drainage Basin 
Average, Maximum, and Minimuin Values 
Sample Collection Point 
Chara~teriltlc /325' /330 /335'" 
Ave. Max. Min. Ave. Max. Min. Ave. Max. Min. 
CalciUIIl* 5"4 "7 ~B 174_ 223 15"4 /Of /08 ~4 ~gneliUIIl* 37 sz 28 IS"S" 16S" Ill as a9 l/Z, 
Total Hardness* Ill J~~ ~~ aza fJ3~ :i/4 18'6 I'll 17~ 
AlkalinitY* ~~ fiR I!JO 232 262. 164 170 175"" 169 
!Nitrate Nitrogen** 0·68 /.7~ o.oo '/~,M. ~MJ 0.0$ ao., el/4 o.oll 
!Orthophosphate'"' c.o 0·0 o.o o.o o.o o.o - - -
1Dllor1de'"' 
.2.3 ~.4 /.7 21.2. 2B.S /7.0 _8.7_ 9.'1 7.t:f 
!Iron** t:J.IIIID <'·70 0.20 ~.a o.aft o./2. 0.19 Q . .illl c::A~ 
SodiUIIl** 1.4 .;;t.S' o.8 6.2 7.4 4.6_ 3S 
- -PotasaiUIIl** o.-rl c.M 0.4-7 1.7'1 2./0 J.4Jl _o.;f a.IJ! o.co 
[Dissolve!~en** ~.7 B·' '-·0 h.o 7.0 ~2 f1.4 q.D 7.6 COD** 
.a.t.. 11. I 0.0 ~.f a. I o..a_ 12._ 2..0 o.o 
~pll+ 7.7 7.q 7.1! 7.7 7.'1 7.5'" 7.7 liUJ 7.5" 
'ToUl Residue** 12.D /S2 92 I .tkJ2. 4/JI -i'B6 /8 J~~ 172. 
Dissolved Solids** 114 I<S2. tiP. A.~ .AIR ~~ #1-!1 ,,~ 172!. 
Turb1,cl~ D 0 0 0 0 0 0 0 0 
Colorf- I 5" a 0 0 0 0 0 0 
Temperature*** J2.R 1~.s 8.5" .15'..0 ,~.S" 13.5 ,~.a /&.s /4.0 
I coutol'IU++ 2. ~ 0 D A D 
-'--
J! 0 
tecal. Stnptococcal+4 0 
- - 0 - - () - -

















































Well Water Studies 
Quality of Water in Norman Creek Drainage Basin 
Average, Maximum, and Minimtim Values 
Sample Collection Point 
Chara.;:teristic 4310 4312 4315 
Ave. Max. Min. Ave. Max. Min. Ave. Max. Min. 
Calcium* /CO IJH 118 7' 8o 72. 113_ 118 lo6 ~gnesium* ldl 114 102. 97 102 9Z. //3 !2~ I J'Jq 
Total Hardnessw 2211 .23f Z2,l:, 17?, /Ba. IIJ4 ezo 22.Q 22n 
Alkalinity* 187 192. 1110 /~7 ll!tJ J5"A 2.Qq 2-12. 2.02.. 
Nitrate Nitrogen** ~-" /o . .a4 t:J.Of o_aq t:)./5' o.o2 /.~ 4./?JO o.al Orthophosphate** 
- - - o.5' 0-11 oA _t:b_Q_ a. a o.a 
IChlor1de'ltlt' 14.11 llf-8 l:t.o 4.2 7-0 _L_3_ 3.~ A-.1 2.!;" 
!Iron** o.z~ 0-~2. o.12 0-70 - - 0.53 /.04- o.JM. 
Sodium** llii..o 
- - 1·7 2.f /.;1 /.IJ 2.1 /.a 
Potassium** IAI f,fiiJ 1.2S 0.8'.2 /./7 O..JI.1 (l.20 o.3q o.oo 
Dissolved Ox)r.&en** a.t Q.f 7.Z 9.3 '/.4 q.2,_ z.s 1o.a /b.7 
COD** o.7 z.2. 0·0 7.~ 14./, o.o 2.5' ~.2 0.0 
pH+ 7.B .a. I 7.~ 7._1/_ "7.t:f 7.8 ~ e.o 7.7 
Total Residue** ZSI 2.tl/~ 270 :wQ 25'4 Z44 2.44 ..a~ 2A4 
Dissolved Solid•** 
.211"4 Z'N. 2.70 I~ 183 BA . Z51!. :aAo 2A4 
Turbidi._~ ~ 0 0 .141. 2.70 ~ 
-'-
~ 0 
Color-to ..., ~ 0 __3 S" 0 I .t::' 0 
Temperature*** ~~~ /'7.~ ~~-~ IS:B 16.0 15:5" 1~.8 J7.S /Z.o 
Colitotlllli+ I 2. 0 4 8 0 Q .2. 0 
Fecal Streptococcal~ 0 - - :JOID '(J()() 2A 0 - -


































































Table 9 (Continued) 
Well Water Studies 
Quality of Water in Norman Creek Drainage Basin 
Average, Maximum, and Minimum Values 
Sample Collection Point 
Charat;:teristic 4J22 4~23 4325'" 
Ave. Max. Min. Ave. Max. Min. Ave. Max. Min. 
Calcium* 53 
" 
41 67 70 64 IZ5" 14, 104 
~gnesium* 68 8Z. 5"4 8, 92. 73 lo4 
''" 
'?2. 
Total Hardness* /2.f /4h q~ JSl:J J~I!J 14=t 22'1 244 196 
Alkalinity* 112. 132 Ql 128 /30 12./J lt:IS"" :212. /70 
Nitrate Nitrogen** o./2. 0-12. o.fl 0-~ o.of/ 0.0~ o.3/J o.ss 0-03 
!Orthophosphate** · 0-3 o-4 0-2. o.5" o.a O.f - - -
!Chloride** 4.4 7.5" 1-Z. .4-5' 7-5 /_.$" _6_.1_ 8:2. 4-1 
II ton** ,,1/A/l 
- - l.ilb - - o.lf 0-1~ Oa.i! 
SOdium** ~-" 9.8 1.4 S:it Q.R '~ A3_ - -Potassium** 1-9'1 2.4Z /.'51, /.211 1.5, /.Cf 0~1 0-~2 o.oo 
Dissolved Oxygen** ~-~ 4.7 1.9 ?.l.S 3.5' :lA· 2:_3 Q.B :5:~ 
COD** 4.~ 7-IJ /.a ~.0 12.0 o.o 0.0 ~.o d.O 
pH+ BA- ,B.S" 8.2 A.z. B.R. A·i 7.8 7.q 7·7 
Total Resielue** 443 2.~ 830 326 3Bo ~ ~ 2.90 2R.Ao 
Dissolved Solids** /1/,'7 173 160 ,.q 184 1_$"3 ZS"¥ 2qo 21!.4 
Turbidi~"t t:l5 13o ~ .~$' .Ji!ISc ~ _.a. 0 c 
Color+ 15' 2~ s- 15" 25' _s_ 0 0 0 
Temperature*** 15.0 ISS" J4.5 I'S"-3 ,5".~ /$.() IS:~ ,fl. 5" 1,/!..Q 
Coliforms-t+ a a a 0 0 0 41 122. 0 
Fecal Streptococcal..f-4 98 ,,.,. 82. :K 42. 28 J~ZI:J() - -















































Well Water Studies 
Quality of Water in Benton Creek Drainage Basin 
Average, Maximum, and Minimlim Values 
Sample Collection Point 
Chara~teristic 73C5" 7~10 7~/S* 
Ave. Max. Min. Ave. Max. Min. Ave. Max. Min. 
Calcium* 129 135" 122. 190 2DI 178 3S 36 34 
jMagnesium* IOq 1/R qo 2.1'1 .e.a3 214 71 72. '70 
Total H.arclness• 2:t8 24-5' ..i!23 .t:1o8 424 ~ IO_b_ I~ 104 
Alkalinity* 2.2f .238 2.10 4o4 4DQ 39.9 ¥.2. t14 90 
Nitrate Nitrogenww 5'.~ 8.2o o~f O.t:J2. II:),M o.~ 0~ 0~~ o.o4 
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The purpose of this study was to determine the quality of surface and 
subsurface waters in a carbonate karst terrain, and to evaluate the effect of 
rainfall and runoff. 
The area east of Rolla, Missouri, which is bounded by the cities of 
Rolla, St. James, and Salem was chosen for study for several reasons: 
1. It was a carbonate karst terrain. 
71 
2. The water in this area was considered to drain through underground chan-
nels into Meramec Spring, one of the largest springs in Missouri. Mera-
mec Spring feeds Meramec River, one of the major rivers in Missouri. 
3. The three main creeks in this area were all considered to be karstic, but 
differed significantly in their pattern of flow: (a) Dry Fork Creek had a 
drainage area of about 300 square miles and was perennial in its lower 
part and intermittent in its upper reaches; (b) Norman Creek had a drain-
age area of about 50 square miles and was intermittent with flows occurring 
only during or immediately after heavy rainfall; and (c) Benton Creek had 
a drainage area of about 30 square miles and was perennial with flows 
occurring almost throughout the year. 
4. It was located near the University of Missouri at Rolla. 
Sampling locations were originally selected by Kilgo (3) uniformly over 
the study area with consideration given to accessibility. Because during the 
period of his study the upper part of Dry Fork and Norman Creek were dry, 
Kilgo concentrated on the lower portion of Dry Fork~ Little Dry Fork~ Benton, 
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and West Fork Benton. Several new sampling points were, therefore, added 
especially in the upstream area of Dry Fork Creek and Norman Creek in order 
to have a complete sample collection system during both the wet and dry seasons. 
The well sampling points were chosen as near the streams as possible, and all 
springs found in the study area were sampled as another source of subsurface 
water. 
Water quality was evaluated on the basis of 20 different characteristics. 
These included calcium, magnesium, total hardness, alkalinity, nitrate nitrogen, 
orthophosphate, chloride, iron, sodium, dissolved oxygen, chemical oxygen 
demand, pH, total residue, dissolved solids, color, turbidity, and coliforms 
previously used by Kilgo (3); and potassium, temperature, and fecal streptococcal 
organisms. In general the procedures recommended by the Standard Methods for 
the Examination of Water and Wastewater (23) were used. However, certain 
determinations were so lengthy that short-cut methods considered to be entirely 
satisfactory were substituted. Some characteristics were not determined in all 
samples. These were: orthophosphate and sodium because they seldom changed; 
potassium and temperature because testing instruments were not available at the 
beginning of the study; and the fecal streptococcal group because a method of 
testing for these organisms was first introduced in the 12th edition of the Stan-
dard Methods which became available in the latter part of 1965. 
Data were collected over a period of one year in order to have a complete 
picture of water quality in this area. The quality of surface and spring water 
Varied all the time. There was a significant change between the dry and wet 
seasons, and the water quality was affected by rainfall and runoff. The quality 
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of ground water, on the other hand, was rather constant. Tables of average, 
maximum, and minimum values for each characteristic at each individual sam-
pling point (stream, spring, and well) were designed to show the quality of the 
water at each location. In addition, because of the significant variation in 
characteristics between the dry and wet seasons of the year, tables were de-
signed to present separately the water quality of the dry and wet season samples 
at each point. Statistical methods recommended by Standard Methods (23) were 
used to present the detailed data in a way which facilitated evaluation. Average, 
standard deviation, 95% confidence interval upper and lower limit, and 95% 
future confidence interval upper and lower limit values for the dry and wet 
season were included in these tables. The standard deviation was used as a 
measure of the reproducibility of the values determined. The 95% confidence 
interval provided an estimate of reliability of the mean value [X]. The upper 
and lower limits gave the range in which there was a 95 percent chance that the 
true value of the mean for the particular sample would lie. The 95% future con-
fidence interval upper and lower limits provided an estimate of the range in which 
future mean values may be expected to fall. For analyzing the large volume of 
data collected, an IBM 1620 computer was utilized to solve the equations for 
standard deviation, confidence interval, and future confidence interval. 
The yearly average characteristics of the three creeks are shown in 
Table 12. These values were calculated as the means of the mean values of the 
various characteristics obtained at all the sampling points on each creek. The 
data presented in Table 12, therefore, show a general picture of the three creeks 
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Table 12 
Stream Water Studies 
Average Water Quality in Dry Fork, Norman, and Benton Creeks 
Characteristic Dry Fork Norman Benton Creek Creek Creek 
Calcium* 49 16 62 
Magnesium* 45 18 59 
Total Hardness* 94 34 121 
AlkalinitY* 81 27 119 
Nitrate Nitrogen** 0.09 0.05 0.06 
Orthophosphate** 0.9 o.o 0.1 
Chloride** 11.2 1.9 2.7 
Iron** 0.99 1. 26 0.28 
Sodium** 14.0 3.3 3.3 
Potassium** 2.09 1.29 3.66 
Dissolved Oxygen** 8.2 8.4 8.4 
COD** 18.4 28.8 7.0 
pH + 7.1 7.2 8.9 
Total Residue** 310 278 144 
Dissolved Solids** 130 61 116 
Turbidity+ 130 7 12 
Color + 26 19 2 
Temperature*** 13.1 11.7 12.9 
Coliforms ++ 2302 2740 215 
Fecal Streptococcal ++ 17769 36680 1600 
*mg/1 as Caco3; **mg/1; ***°C; +units; ++organisms/100 ml 
in the study area, and make it easy to compare their characteristics to each 
other and to information available in the literature for other streams. 
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The surface water quality changed drastically between the dry and wet 
seasons. Calcium. and magnesium, which cause hardness in water, decreased 
significantly in the wet season due to dilution of the stream waters by soft rain 
water; alkalinity and chloride ions were also decreased by rainfall. At the 
same time, rainfall carried over into the creeks sand, mud, foilage, vegetation, 
and other kinds of materials capable of being moved by water and resulted in 
increased COD, total residue, turbidity, and color values. The considerable 
increase in coliform and fecal streptococcal organisms was attributed, for the 
most part, to the contamination of the runoff water by cattle excretions. A 
comparison of the changes in characteristics between the dry and wet seasons 
is presented in Table 13. This table e:nJ.phasizes that surface water quality was 
affected by rainfall and runoff. The stream flow also increased significantly 
after heavy rainfall, however, it could not be measured because stream gaging 
equipment was not available. 
Because of an abundance of calcium and magnesium carbonate minerals 
expected in a carbonate karst terrain, calciUm.. and magnesium were expected 
to be the principal divalent metals present in the waters of the study area; it 
was also anticipated that the solvent action of the water containing carbon dioxide 
would make bicarbonates one of the major anions in the water. Chloride ions 
are also found in natural waters. In addition, a significant quantity of chloride 
ions was contributed by the sewage treatment plant effluents which were dis-
charged into tributaries of the Dry Fork Creek. The COD values provided an 
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Table 13 
Stream Water Studies 
Effect of Rainfall and Runoff on Water Quality 
Characteristic Dry Season Wet Season 
Calcium High Low 
Magnesium High Low 
Total Hardness High Low 
Alkalinity High Low 
Chloride High Low 
Iron Low High 
Dissolved Oxygen High Low 
COD Low High 
pH High Low 
Total Residue Low High 
Turbidity Low High 
Color Low High 
Coliforms Low High 
Fecal Streptococcal Low High 
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indirect measure of the amount of organic material present in the water and 
enabled the detection of any unusual wastes which might have been discharged 
into the streams. This characteristic is of particular interest in karst ter-
rain studies where cavities and sinkholes are present through which surface 
contamination may find a direct route to underground supplies. 
The importance of determining the sanitary quality of water is evident. 
The presence of coliform group microorganisms has been used to indicate the 
pollution of water by waste matter from human and warm blooded animals and 
consequent possibility of contamination with pathogens. By using the coliform 
test it was found that most of the surface and some of the subsurface waters in 
the study area were contaminated. In order to study in more detail the bac-
teriological quality of water, fecal streptococcal tests were run because the 
streptococci in the fecal streptococcal group are indicators of fecal pollution 
of water. The normal habitat of these organisms is generally the intestines 
of man and animals. Therefore, as pointed out in Standard Methods (23, p. 618), 
the determination of these organisms may be of particular value for stream pol-
lution surveys. It was found that heavy numbers of fecal streptococcal organisms 
were present in the stream waters, as well as in the spring waters and in some 
well waters. Pollution would be expected because of the cattle grazing on the 
land near the creeks and the amounts of cattle droppings seen to be in the vicinity. 
After heavy rainfall, the creeks received large volumes of drainage water which 
carried fecal matter, as well as sand, vegetation, and other materials. Thus, 
the water could become contaminated. 
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Calcium, magnesium, total hardness, and alkalinity in the Dry Fork 
Creek were higher in the downstream and lower in the upstream part. The 
section from sampling point 1105 (Figure 3, p. 27) to sampling point 1140 can 
be considered as a group because water could be collected there at all times. 
From sampling point 1145 to sampling point 1155 water could be found only 
during or after a heavy rainfall and the same was true for sampling point 1160 
upstream; the calcium, magnesium, total hardness, and alkalinity concen-
trations at these points were considerably low. However, water collected at 
sampling point 1156 showed a calcium, magnesium, total hardness, and alka-
linity content which was higher than in samples obtained at points 1155 and 1160. 
Little Dry Fork Creek flows into Dry Fork between sampling points 1125 
and 1130, carrying effluent from two Rolla sewage treatment plants. Water 
collected at point 2105 of this creek contained high concentrations of nitrate 
nitrogen (maximum 2. 6 mg/1, average 0. 48 ni.g/1), chloride (maximum 80. 0 
mg/1, average 38. 9 mg/1), sodium (maximum 71. 0 mg/1, average 30.7 mg/1), 
dissolved oxygen (maximum 10.5 mg/1, average 8. 9 mg/1), and coliforms 
(maximum 56,000 organisms/100 ml, average 4, 702 organisms/100 ml). These 
characteristics can be attributed to sewage treatment plant effluent. The quality 
of water in Dry Fork Creek at and downstream from point 1125 was, therefore, 
affected by the introduction of the Little Dry Fork water; however, due to the 
dilution involved the concentration at which these characteristics were present 
was less pronounced. The dissolved solids content of the Dry Fork Creek water 
also increased at and downstream from point 1125, and this increase was again 
probably caused by the effluents from sewage treatment plants. present in the 
Little Dry Fork Creek. 
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Samples collected at points 1165, 1167, 1169, 1172, 1173, 1174, and 
1176, all located on the west side of Highway 72, represented stagnant rain-
water which exhibited low calcium, magnesium, total hardness, and alkalinity 
concentrations; coliforms were found in most of the samples. 
No water was normally found in Norman Creek,* and samples could be 
collected only during or immediately after rainfall. An exception was sampling 
point 4120 where some seepage water was found in the creek bed in July, 1965. 
The results obtained on this sample showed different characteristics from those 
measured in samples collected during the rainy season. The concentrations of 
calcium, magnesium, hardness, and alkalinity were higher in the seepage sample, 
but dissolved oxygen, COD, total solids, turbidity, and coliform organisms were 
lower. 
In general, the samples collected from Norman Creek had the highest 
bacteriological contamination in the study area. This was proved by both the 
coliform and fecal streptococcal tests. The main reason for this high contami-
nation was the runoff which followed rainfall. The iron content was high, in 
excess of the 0. 3 mg/llimit, and the dissolved oxygen was also high, in the 
range of s. 6 to 9. 0 mg/1, except in the seepage water from point 4120. It is 
believed that the dissolved oxygen was introduced by the rain water which ab-
sorbed oxygen from the air. 
Benton Creek was the third main creek in the study area. By obser-
vation the water at all the sampling locations of this creek was clear. Iron, 
*Kilgo (3) reported that in some places water could be found approximately 6 to 
12 inches beneath the creek bed indicating the possibility of flow directly under 
this bed. 
80 
sodium, orthophosphate, COD, total solids, turbidity, and color were found to 
be present at low concentrations in the samples. Coliform and fecal strepto-
coccal organisms were also present, but compared to the samples from the 
other two creeks their numbers were low. However, Benton Creek had the 
highest average concentration of alkalinity, total hardness, calcium, magnesium, 
potassium, and pH (Table 12). In general, the water of Benton Creek was less 
contaminated than the other surface waters in the study area. 
Meramec Spring (point 1210), the seventh largest spring in Missouri, 
and some smaller springs were found in the study area (Figure 8, p. 61 ). Two 
springs in the Benton Creek area (points 7209 and 7210) were being used as 
drinking water supplies and were covered with concrete encasements. Most 
spring waters showed contamination, especially those sampled after rainfall. 
In the "Wet Weather Spring'' (Point 1220) located in the Dry Fork Creek area near 
sampling point 1140, water was found only after rainfall; the sample was turbid, 
colored, and contained 80 coliforms per 100 ml; calcium, magnesium, alkalinity, 
and hardness were as low as measured in Dry Fork Creek samples collected 
during or after heavy rainfall. Meramec Spring had a very turbid froathy flow 
after heavy rainfall. The chemical oxygen demand of the water was high and 
the numbers of coliform organisms increased. This would strongly indicate 
that direct pathways existed between surface and underground supplies in the 
area near Meramec Spring. Spring water samples collected in the Benton Creek 
watershed contained higher concentrations of calcium, magnesium, total hard-
ness, and dissolved solids than samples obtained in the Dry Fork Creek water-
shed. It shOuld be noted that this trend was also observed in the corresponding 
surface waters. 
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The subsurface waters collected from wells (Figure 9, p. 64) generally 
were of uniform quality throughout the year. Two types of wells, pumped and 
open, were found in this area and were sampled. The pumped wells were used 
for drinking purposes. Three types of open wells were found: the UMR research 
wells, and wells which were used for water supply or were abandoned. The 
depth of these wells ranged from 50 to 460 feet. In general, most of the open 
wells were contaminated. The ground waters in the study area came from two 
principal shallow aquifers, the Roubidoux and Gasconade formations (4). 
Water quality differed from well to well. Coliforms were found in some 
of the pumped wells. In the Dry Fork Creek watershed, coliforms were present 
in well 1305 in four out of seven samples; in well 1325 coliforms were first found 
on December 17, 1965, and their number increased to 6 organisms per 100 ml on 
June 10, 1966. In the Norman Creek watershed, well4325 was highly contami-
nated on June 10, 1966, when 122 coliform organisms and 1, 200 fecal strepto-
coccal organisms were found per 100 ml sample. In the Benton Creek watershed, 
coliforms were found in well 7305 in the summer of 1965, but were absent in the 
winter of 1965 and the spring of 1966; they were found again on July 10, 1966, 
when 20 organisms were measured per 100 ml of sample. The presence of 
coliforms in ground water was believed to be attributable to contamination through 
the sinkholes and solution cavities characteristic of karst terrain. Most of the 
samples from open wells were contaminated because these wells were not sealed 
or covered to protect them from surface contamination; dead crickets and other 
small animals were present in the water. Dissolved oxygen in most of the open 
wells was extremely low. 
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The hardness of the water in this study area varied from moderately 
hard* (75 to 150 mg/1 as Caco3) to very hard (300 or more mg/1 as Caco3). 
Two wells, 1315 (open) and 1330 (Pumped), in the Dry Fork Creek watershed 
had average total hardness contents in excess of 300 mg/1. No well water in 
the Norman Creek watershed was found to be very hard. Pumped well 7310 
in the Benton Creek watershed had a total hardness of 408 mg/1, and open well 
9315 in the Meramec River drainage area had a hardness of 416 mg/1; this was 
the hardest water encountered in the entire study area. 
The presence of high nitrate ion concentrations in many of the well waters 
was thought to be characteristic of karst water. Because nitrates in excessive 
amounts cause the illness !mown as infant methemoglobinemia, limits of 45 mg/1 
as nitrates or 10 mg/1 as nitrate nitrogen have been set by the Drinking Water 
Standards (5). In pumped wells 1305 and 1330 the yearly average concentration 
of nitrate nitrogen was higher than this limit. 
*Classif:l.catton according to Sawyer's "Chemistry for Sanitary Engineers," 
(31' p. 235). 
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VI. CONCLUSIONS 
The purpose of this study was to determine the surface and subsurface 
water quality in a carbonate karst terrain, and to evaluate the effect of rainfall 
and runoff in this area. Samples were collected from streams, springs, and 
wells in a period of one year. The surface water samples were collected from 
three main creeks in the study area: Dry Fork Creek, which was perennial in 
its lower part and intermittent in its upper reaches; Norman Creek, which was 
intermittent; and Benton Creek, which was perennial. Spring water samples 
were collected from Meramec Spring and several other small springs. Some 
of these springs were being used for drinking purposes, and some were wet 
weather springs with flow occurring only after heavy rainfall. Subsurface water 
samples were also collected from wells in the study area. TWo types of wells 
were studied: pumped wells, which employed submerged pumps; and open 
wells, which were bucket-drawn. On the basis of the findings of this study, 
the following conclusions were drawn: 
1. The main ions of the waters in this carbonate karst area were bicarbonate, 
calcium, and magnesium. The waters could be classified as either 
Hco3-ca-Mg or HC03-Mg-Ca. The surface waters, as well as the spring 
and some of the well waters, were contaminated as evidenced by the presence 
of coliform and fecal streptococcal organisms. 
2. The surface water quality varied considerably between the dry and wet 
seasons. Calcium and magnesium hardness, alkalinity, and chlorides 
decreased, while iron, chemical oxygen demand, total solids, turbidity, 
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color, and coliform and fecal streptococcal organisms increased following 
rainfall and runoff. 
3. The water in Benton Creek was the least contaminated, and the water in 
Norman Creek (when present) was the most contaminated of the surface 
waters in the study area. 
4. The water in Little Dry Fork Creek contained relatively high concentrations 
of nitrate nitrogen, chlorides, sodium, and coliform organisms and affected 
the quality of the Dry Fork Creek water downstream from the confluence 
point. 
5. The quality of subsurface waters collected from wells was uniform through-
out the year, while the quality of waters collected from springs was affected 
by rainfall. Changes in the quality of spring water paralleled those ob-
served with surface water indicating that direct pathways existed between 
surface and subsurface supplies. 
6. The nitrate nitrogen concentration in many of the well waters was high, and 
in some wells exceeded the recommended safe limit. 
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VII. RECOMMENDATIONS FOR FUTURE RESEARCH 
The following recommendations for future research are made: 
1. Surface contamination of subsurface waters appears to be a. characteristic 
of carbonate karst terrain. The use of chemical or short half-life radio-
isotope tracers to trace the route of contamination would be beneficial. 
The tracers could also be used to detect the direction of flow of the sur-
face and subsurface waters in the area. 
2. The use of gaging equipment to measure the quantity of rainfall in the area 
and the rate of flow in the creeks would be highly desirable in order to more 
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Tables A-1, A-2, and A-3 describe the location of the different stream, 
spring, and well sampling points employed in this investigation. Table A-3 
lists in addition the approximate depth and Missouri Geological Survey log 
number, when available, of the wells that were sampled. The location of these 
points was also shown in Figures 3, 8, and 9 (P. 27, 61, and 64). 
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TABLE A-1 
LOCATION OF STREA1VI SAMPLING POINTS 
Drainage Sample 
Basin Point Location County 
Dry Fork 1105 Sec. 26, T. 38N., R. 6W. Phelps 
Dry Fork 1110 Sec. 33, T. 38N., R.6W. Phelps 
Dry Fork 1115 Sec. 15, T. 37N., R.6W. Phelps 
Dry Fork 1120 Sec. 18, T. 37N., R.6W. Phelps 
Dry Fork 1125 Sec. 13, T. 37N., R.7W. Phelps 
Dry Fork 1130 Sec. 27, T. 37N., R.7W. Phelps 
Dry Fork 1135 Sec. 35, T. 37N., R. 7W. Phelps 
Dry Fork 1140 Sec. 2, T. 36N., R. 7W. Phelps 
Dry Fork 1145 Sec. 11, T. 36N., R. 7W. Phelps 
Dry Fork 1150 Sec. 35, T. 36N., R. 7W. Phelps 
Dry Fork 1153 Sec. 12, T. 35N., R. 7W. Dent 
Dry Fork 1155 Sec. 8, T. 35N., R.6W. Dent 
Dry Fork 1156 Sec. 20, T.35N., R.6W. Dent 
Dry Fork 1160 Sec. 31, T.35N., R.6W. 
Dent 
Dry Fork 1165 Sec. 2, T. 34N., R.7W. 
Dent 
Dry Fork 1167 Sec. 3, T. 34N., R.7W. 
Dent 
Dry Fork 1169 Sec. 8, T. 34N., R.7W. 
Dent 
Dry Fork 1172 Sec. 12, T. 34N., 
R.7W. Dent 
Dry Fork 1173 Sec. 14, T. 34N., 
R.7W. Dent 
Dry Fork 1174. Sec. 21, 
T. 34N., R. 7W. Dent 


















TABLE A-1 (Continued) 
LOCATION OF STREAM SAMPLING POINTS 
Sample 
Point Location 
2105 Sec. 10, T. 37N., R.7W. 
3105 Sec. 32, T. 35N., R.6W. 
4105 Sec. 21, T. 37N., R.6W. 
4110 Sec. 29, T. 37N., R.6W. 
4115 Sec. 8, T. 36N., R.6W. 
4120 Sec. 27, T. 36N., R.6W. 
4125 Sec. 28, T. 36N., R.6W. 
4126 Sec. 10, T.35N., R.6W. 
7105 Sec. 32, T. 37N., R.5W. 
7110 Sec. 5, T. 36N., R. 5W. 
7115 Sec. 16, T. 36N., R. 5W. 
7120 Sec. 29, T. 36N., R.6W. 






















1220 A. Hudek 
7209 E. Smith 
7210 F. Alexander 
TABLE A-2 
LOCATION OF SPRING SAMPLING POINTS 
Drainage 
Area Location 
Dry Fork Sec. 1, T. 37N., R. 6W. 
Dry Fork Sec. 18, T. 37N., R. 5W. 
Dry Fork Sec. 2, T. 36N., R. 7W. 
Benton Sec. 29, T. 36N., R. 5W. 










LOCATION OF WELL SAMPIJNG POINTS 
Mo. G.S. # 
Drainage Sample Log 
Basin Point Owner Number 
Dry Fork 1305 T. Truesdell 
-
I 
1 Dry Fork 1310 Wycoff Bros. 10675 
Dry Fork 1315* William Hynes -
Dry Fork 1317* R. C. Snelson 
-
Dry Fork 1320 V. Frank 15234 
Dry Fork 1325 A. Hudek -
Dry Fork 1330 B. Apperson 
-
Dry Fork 1335 Ike Lenox -
Dry Fork 1340 C. Fore -
Dry Fork 1346 George White 
-




Depth From Creek 
285ft. 600ft. 
167ft. 1300 ft. 
137 ft. 1800 ft. 
350ft. 2000 ft. 
140 ft. 1000 ft. 
130ft. 1000 ft. 
198 ft. 1000 ft. 
200ft. 1000 ft. 
205ft. 1000 ft. 
250ft. 2000 ft. 
Location County 
Sec. 33, T. 38N., R. 6W. Phelps 
Sec. 16, T. 37N., R. 6W. Phelps 
Sec. 12, T.37N., R.7W. Phelps 
Sec. 30, T. 37N., R. 6W. Phelps 
Sec. 22, T. 37N., R. 6W. Phelps 
Sec. 3, T. 36N., R. 7W. Phelps 
Sec. 11, T. 36N., R. 7W. Phelps 
Sec. 35, T. 36N., R. 7W. Phelps 
Sec. 30, T. 35N., R. 6W. Dent 




Basin Point Owner 
TABLE A-3 (Continued) 
LOCATION OF WELL SAMPLING POINTS 
Mo. G,S. =If Approx • 
Log Approx. Distance 
Number Depth From Creek 
1 Dry· Fork 1350 Jim B. Lewis - 190ft. 800 ft. 
' 
DryFork 1352 W. Hogue -
Dry Fork 1357 C. T. Wewls -
Dry Fork 1370 W. C. Stran -
Norman 4310 - -
Norman 4312* C. Smallwoodlc* -
Norman 4315 C. Pelligrini 15439 
Norman 4320 G. Strickland -
Norman 4322* Luther Adams** -
Norman 4323* Luther Adams** -
Norman 4325 - -
---·-~ 
#Missouri Geological Survey and Water Resources 
*Open Well 
**University of Missouri at Rolla Research Well 
215ft. 800ft. 
213 ft. 1000 ft. 
180 ft. 1000 ft. 
-
600ft. 
207 ft. 3000 ft. 
235ft. 800 ft. 
290ft. 1200 ft. 
60ft. 20ft. 
55 ft. 50 ft. 
1000 ft. 
Location 
Sec. 1, T. 34N., R. 7W. 
Sec. 2, T. 34N., R. 7W. 
Sec. 7 , T. 34N. , R. 7W. 
Sec. 23, T. 34N., R. 7W. 
Sec. 29, T. 37N., R. 6W. 
Sec. 27, T. 37N., R. 6W. 
Sec. 32, T. 37N., R. 6W. 
Sec. 7, T. 36N. , R. 6W. 
Sec. 17, T. 36N., R. 6W. 
Sec. 17, T. 36N., R. 6W. 
















TABLE A-3 (Continued) 
LOCATION OF WELL SAMPLING POINTS 
Mo. G.S. # 
Drainage Sample Log 
Basin Point Owner Number 
Norman 4330 G. Rhinehart 
-
Benton 7305 R. Douglas 12708 
Benton 7310 W. Ness 
-
Benton 7315* T. H. Taylor 
-
West Fork 8305* J. W. Plank 
-
Benton 
Meramec 9305* Sturm 
-
Meramec 9310* Evert Nix 
-
Meramec 9315* Blake** 
-
Meramec 9320* Mound Ridge 
-
Bible Camp 
Meramec 9325* Hennessy 
-
Meramec 9330* Clyde Smith 
-
#Missouri Geological Survey and Water Resources 
*Open Well 
**University of Missouri at Rolla Research Well 
Approx. 
Approx. Distance 
Depth From Creek 
164 ft. 1200 ft. 
203 ft. 1500 ft. 
- 700 ft. 
133 ft. 1500 ft. 
172 ft. 1000 ft. 
460ft. 2000 ft. 
I 
100 ft. 1500 ft. 
• 
90 ft. 1000 ft. 
77 ft. 800 ft. 
76ft. 3000 ft. 
120 ft. 2000 ft. 
Location 
Sec. 33, T. 36N., R. 6W. 
Sec. 32, T. 37N., R. 5W. 
Sec. 5, T. 36N., R. 5W. 
Sec. 1, T. 35N., R. 6W. 
Sec. 24, T. 36N., R. 6W. 
Sec. 2, T. 37N. , R. 6W. 
Sec. 12, T. 37N., R. 6W. 
Sec. 7, T. 37N. , R. 5W. 
Sec. 18, T. 37N., R. 5W. 
Sec. 14, T. 37N., R. 6W. 

















Water characteristics at the various sampling points in the study area 
are presented in this appendix by the date samples were collected. Tables 
B-1 through B-3 pertain to stream water studies, Table B-4 to spring water 
studies, and Tables B-5 through B-8 to well water studies. These data were 
treated mathematically to determine average values, standard deviations, 95% 
confidence intervals and 95% future confidence intervals, and the results are 
given in the body of the thesis. 
Table B-1 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Sample Collection Point 
Characteristic #lOS 
Sample Collection Date 
7-/~-~ "'7-1'9-6! ,. f-66 ~-12·" 3-4-61t 4-4-llb 7-... -" 6-h-65 (,-14-~ (,-.21-65 ~---~ 
Calcium* 88 97 34 .2-f 49 78 7~ sz. 47 '71 81 
Magnesium* 89 /o4 3" ~' 57 78 /18 43 ~ 82. 77 To ta-r lfardness* 177 201 70 47 /00 l!fe. IH -~-- A :I .1~~ 1-.:R. 
!Alkalinity* 1#.2 ISZ. 5""D ::Jo 7" 
''" 
1711 72. 70 /Zo 
'"" Nitrate Nitrogen** 0.0~ o.os 0.03 O.D" ().()f o./o o.o~ oA5 () • .;f6 ().O() ~.n~ 
Orthophosphate** /.0 0.7 - - - - o .8 - - - OA. 
·Chloride** · ~.a.o 20.0 ,,$" 3.2. 0·~ /2.Z. 9.g ,.2. 7.5 7-0 II.~ 
Iro~ o .Jfb o.ao /.7Z e.24 /.o4 0-24 o .~ /.28 o . .,a o.B4 t') _~ 
· I!M:fo~ 
/5.0 /6.0 - - 9-0 /,,q ;;._{.. 
I Pota·•P:ua** 
- - 4 .3o z .~7 /-73 /.-48 1-79 - - - -
DissO:~ved Oxygen** S .3 7.1:> 8.0 "1.3 lo.o 9.2 e.o - 4-&. 8.4 h.7 
cu~ · 7.4 ~.4 .d4.o 23-2 1~.2. ••• t.S" - 18.~ - 8.4 pB+ 8.Z. 8.~ 7.~ 7.2. 7.8 s.g A.% 7.2 7-4 8.0 B.o 
,Total Residue** 
. :;o4 .Uf ~zo ;!JIWJ 142. :lo6 250 - - - 220 
Di.sso1ved Solids** z~ Z5'3 I~Z. 88 IZS' 18~ 25"0 - - - ICM 
l'rul:bldity+ ~ 10 4~0 280 5 10 
-
IOO /ZO so 
-
. col~ 5 5 30 2.0 
"' 
s - - so 2.0 -
T~rature*** 
- - 11-5 6 .0 S.o 15'.5 ~.o - - - -
Coltforms-:J+ 54-0 100 ~000 1900 160 &o 120 - 83o /IDL1 I #,a 
Fe~•T Streptococca1-H 
- - - - - -
36 
- - - -







o.o8 o .oS 





















































































l.lkalini ty* 40 
Nitrate Nitrogen** o.o:::t 
OrthoPhosphate** o.o 
Cllloride** · 5:7 
troll** 2.Jto 
SOdiua** /.~ 
I Potassium** 4.05 













Table B-1 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Sample Collection Point 
(110 
Sample Collection Date 
I·Z2.•/I, 2.•/2•60 ~-4-116 4-4·11. 4·.l3·1.4 7·4-·U 7·7-6$ 7·12·6$ '7·19-~ ti·Z.7·110 
84 21 So 78 ,, 7& 9f 7"j 78 ICO 
se .cr Sf 74 Ill ~ ~ 'R11 ~0 QS\" 
1'72. 42. I Of 152. 34 174 ltfO ,J..., l!t.R- ~911-
144 2'7 74 /34 4~ II./, litO I .Ala I :flo 111~ 
o.o. o.o!f 0.00 o.tf 0·'" o.fl 0.~ o . .af o.o~ o.o.z 
-
o.2. o.o o.o 
-
0.2, 1.4 =l,4. 2.,1:. ::t.7 
21-8 4.0 (/1.5 15:0 f.=j 11-3 $1).0 45'.0 2.8.0 38.0 
o.36 .2.32 f.o4 Q.~ 2.40 o . .a.B o.so 0.20 o.oB o-1~ 
1(.2 ~.5 .z.~ 6,.5 o.tt 7.8 , •. 0 , •• 0 IS.o il./.1> 
1!.10 Z·S7 /.79 /.72 :!5.12. 1.94 
- - - -
CJ.~ 9.8 9-8 /0.4 
··" 
•"7.q 9.5 14., 9.7 /Z.~ 
'7.0 .21t.4 ta.c:J 1&.'9 57.0 ~.0 3.7 8.1!. "'-~ :2L..2 
7.8 7. , 7.7 8.8 '7.8 ~.0 8.$' ,._q IER 8.5" 
250 ,,Q /~Z. 1'74 ,02 ,q&, ~~ ,.J72 2./t:. z.,~ 
2.41 
" 
II~ /I.e 94 I 'liD i3Et ~· 2d4 
-
0 2.70 ~ .or ~00 
-
f!;" ~~ ,0 5" 
IS IS' & 5' .2o 
-
15" s 5" .20 
Jl.5 5'.5" s.o 15:0 Ji.l.~ 30.0 - - - 11.5 
4c 4.400 2.Do /20 lz.f.A.oo S'O 700 3o ~0 AO 
- - - -
/_L_-. 2o 
- - - -


































































































. Tota·l Hardness* 183 
Alkalinity* 168 
Nit~te Nitrogen** o.ac, 
OttltoPhosphate** s.b 















Coli forma++ "0 Fecal Streptococcal++ 
-
Table B-1 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Sample Collection Point 
/1&.0 
Sample Collection Date 
7•tZ.·il& 7-fi/I-6S_ 1-1-bh ,il•f2•/tJb 3-4-"' 4-4-illl 4-8-1111 7-4-IJIJ 7·7·6S' 7·/Z·/4 
65 83 40 I~ 5'6 70 z.o 120 83 7S 
57 So ~~ 2.1 l,o 83 1~. $B a4 76 
122 163 
.7" 31 1/8 '~ ~0 17.8 167 15'4 
1()5' 1:5'"4 "z 22. 81, /30 3b 176 !52. ~_{ 
o-5"1 o.oz o.of 0.07 0.0() o.o"J .,_.,, 0.07 0,~3 o.Bf 
2.7 2.Jt - - - - - 1.2. 4.S 3.8 
2,/,.o .2!J.o 7-S 2.9 IZ..il. /7.5' /.3 31.o 40.0 'jZ.o 
.I.LO 0.411 4.~ 2..~2 o.ae o.,z z.a.o 0..214 o.4S 0~,2 
9-2 J.lh.O 
- - - - -
/7.5' 14.0 J!.O 
- -
2-4Z 2..12 /.95, f.t/IS .2.8a 
"'·" 
- -
0.5' 6.5' 11.4 9-7 8.8 /o.z. s.s ~.a 7-Z 11.2 
q.; /0-7 37.0 24A. ~-~ 9-~ ~l..f 0.0 ~-8 ~-S' 
7.-=J a.t 7.4 "'J',f 7:.4 a.~ ~.I 8.1 s.e B.o 
211/J& ~:St, 19~ ~02 ~~a 14~ J.i!~lt ZIJIJ Z/8 3f8 
/9~ 2&9 /ZZ. 5:11- IS'~ IA-9 .41!. a! 212. 246 
1:1!.0 5'0 a3 390 5 l!j ~00 
-
3o 13o 
5" .2o -.o .. 2D 15 3 /0 - 3o 2b 
- -
/1.5' -r.S' 7-5 14.5' /7.0 a/J.$' - -
3~ 4~ ~.()Q) l.lfiJ{j 78o .340 IJI . .t:ll'll'lo :ilo 490 abo 
- - - - - -
~-D«J lSD 
- -. 
*mg/1 as CaC03; ~g/1; ***°C; +units; ++organisms/100 ml ; #After Kilgo ()) 
112.5 
7-ttl-1?5 1-l-1111 I~U~ 
106 42 /0.11. 
91 44 137 
197 ~ IS9 
189 78. J.~S' 
o-18 o.o;t o.o~ 
4.2. 2.~ 4.f 
40.0 7-5" 41-0 0."" 2.32 o.l~ 
/9.0 /o.o Z/,0 
-
Z./8 2.73 
(b.8 a.4 11.0 
lo.& 17.0 /1.9 
8.4· 7.5" 7.9 
~40 lli.A .298 
2CJh 12~ 11.CJ5 
70 4~ 0 
.20 15' llO 
-
11.5' /.0 


































































Table B-1 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Sample Collection Point 
II~$"' /130 
Sample Collection Date 
+·4·116 4-2Hd 7-4·'11 "·6·115 7·7·115 7·12-1& 7-19~~ 9·14·115 1/·27·"-. 1-f-{,(, 1-N-Iill 
7S 18 92 44 sz. SS" ~I 16 ~ 40 112. 
&7 zo 100 43 42 3-Z s-a 
'" 
70 ..,6 Z3 
I~P. 3e 192 87 ~ 87 
"" 
.34 t:U 7~ 4~ 
112. Ja la4 7B ~ 84 J/8 - 12A 
" 
Z4 











27.0 f.f 44.0 ~.4 -,.o 6.b 4.0 /.6 5.1 4.0 z . ., 
o.~ /.84 c:J.3Z 0.70 ().68 C-72. 0 ,j_" 
-
. 0.24 0-94 /.00 
15'.() ,,5' za.e 
-
.ri-4 1-4 3 . .2 4-' ~.q ~ . ., 4.2 
z.o3 2..~ 3.1~ 
- - - - - -
(,(}q f, 'SII 
9.2. 8.7 -4.1 
-
&9 ID·I:J 7.8 a . .a 10.0 8.4 4.7 
5.1 ~.~.5 7.2. 
-
2A 9-3 2A 
-
.t!t.~ ~-~ A.ct 
e.6 7.8 s.r 7.1! 7-~ S,3 a.c 
-
7A "7.4 ~-Q 
·2A-S Sli!!. ~00 
- ''II 1.38 /40 91-4 148 112. '72 2..1t:IJ 42 294 
-
122 IIIIJ /30 _.S4-_ 
-
97 112. 
0 450 S" hO ID 10 10 7bo 0 15" 10 
~ I<J 5 
- 3c ~0 . 10 h5 S' &5' J~ 
1~0 15.S' ~-0 
- - - - -
/1.() u.s :a. 5'" 
IIJO 21 ltoo 6o 
-
1/0 1/0 bo ~ ..it') Ll~ /0 
~ 4Z~ 16 - - - ---L- -----~--- ----
: ~/1 as CaC03; ~g/1; ***°C; +units; ++organisms/100 ml ; #After Kilgo (3) 
.Z·Iil·~ 4-4-U 4-~~ 
10 35" 12. 
/0 ~ IS 
zo 64 ~0 
II $8 zo 
o.o7 o-12. o.oo 
- - -
/.4 ,,2 ().0 
2.12. f,O<:J /.Z6 
/,I, I. A 3.5' 
,2.5-z 1.~=1 z.7~ 
q,7 '9.8 4.4 
~~~ .. , 5e.O 
/..A 7.6 7.-!i' 
<h) A 7Q I.J/.8C1 
~g ~I A.o 
Ani'> ~ ~~0 
IS' IJ 10 
a.o ~JI..o ~~-~ 



























.· J . 
Characteristic 
. ~~·· 7-7-16 7•111.·15 
·c•.lOtua* 42. 47 
.M4jileat•* 
_32. zs 
·.,..tal Hardneaa._ 74 7oS 
Al.liat.ty* IJ. 74 
·:ll~te Nitrogen** ~-~ . .D...OZ. Ot ate** o.o o.o 
I Cb.let14e** · 
_3.9 3.4 





, Dl,tol,ved Oxygen** ~-~ 5.6 
~Ia !11.1!. pttlt··· 7-4 .:'1_,7 
·ma~ .ll.sidue** ·1~.2. 9Q 
IDf.J:aolvec:t·solids** 12!4 92 
I 'l'llffi'hfllf ty+ /0 10 
Color+ ~ 2o 
TII'IIPerature*** 
- -Coli forma++ /oo 0 
Pec.al Streptococcal+t 
- -
Table B-1 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Sample Collection Point 
IIi~ 
Sample Collection Date 
7-19-65 10•12-/4 1·1·66 1-~~-~ .,., ... "' 4-.A-_"' 4..Z~~ 7-Jf-1* 7-7-~f 
43 .:32. 3o 20 to 3" IZ . 48 44 
~~ 422. a.e 22 If 35' 14 44 4() 
74 -94 ~a 42 .at 71 alb qz. 84 
72 5.2 60 3~ 10 ~~ ,/!/!.' . '84 11}1 
().OJ o.;::,!r Q,t:)() o.o~ 0.09 o.u o.os o.09 0.0'7 




.. .:~;~ ~-" /.5" 2-7 1-4 o.o 
0.28 o.6o o.78 PJ/, z.Zf ,,. /.00 o.4o o.44 
.a.:z. 4.=1 o.Q 2.2. 4.3 /.4 2.5" 2.S 1.2. 
- -
:Z.JO 2.J4 2.57 1-79 2.1kb l.tl.7 
-
J!,CI ~.2 '7.&. . ~-"" 4.~ s.s ..a,o ~.4J ~.5" 
,,a 13,7 11.o ~.1 '!J7,1J 12..9 . ,., ~8 3..2 
7.1. 7..2. 7.~ ~-· ,,7_ 7-~ _2__4_ ;:~ 7.5' II&. /20 40 "?I'LJ 
-""' 
I_LS. J_, 3_01#- A8 · toa. 
~q /07 A.2 &.~ 4o '9.7 ~ 74 /03 
/0 3~ I~ 15' 470 /o ~00 20 .I;" 
&.o 4~ 15 40 1$" /0 1!:' ID Ao 
-
17.0 ID.~ 2-S e.o 14.~ /7.0 ~7.S -
/ZO 220 5'0 0 9oo 70 1'9,6oo :ilo . 7o 
- - - - - -
_l7:C?~ 32. 
-
~/1 aa CaCOJ; *"mg/1; ***•c; +units; +f.organisms/100 ml ; #After Kilgo (!) 
'- ·-· ..... •.. . -- ·~· 
1/40 
. 
7-t.a-~, 7-19•14 I•I•U 
45' A.b ~0 
37 ~3 2.8 
S2 q.r:) $8 
82. IJ/, so 
o.oz o.os • o.oo 
c::>.o o.o 
-
~.7 1.o ·z.~ 
o.~b o.U O.M 
o.c:a 1.~ Z-2 
- -
o.oo 
~-S" ".a ~.A 
/~.4 S.o 4.il 
7..c:J 7.6 ~.8 
J/4 0~ II& 
/07 ac:>· /OS' 
IO 'O /o 
3o ~0 10 
- -
14.S 
40 37o Jo 
- - -













o . .,. 
..2.8 
~.6S o.7o 






































Table B-1 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
r Sample Collection Point 
'· ct&aractertstic 1145' IIS'O 1 115'3 
i Sample Collection Date , 
9•14·14 I0•,.-14' , . .,.(IS 1-1-U .11-lll·U ~~-46 4-4--M 4-JM-116 ~-4-IJ, 4-zJ.M J-4f-U '4-.M-~ 
r·~tciua* 12. 66 76 3~ 9 ~3 ~ 14 2.5 8 ~~ (O 
f~ .......... sium* /0 $"0 "A 34 13 h+ ~s I h. !J2. 12 ~4 /0 t;"J,'Qt:a{ Hardness* az n#J 144 70 a;!. /Z7 l.a9 ~0 !;;7 ~~ /J.7 2/:'J 
' .F~tJ* 
-
/08 I~ 74 9 /10 117_ ZA. ;J~ lfLJ AA· /2. 
~ttate Nitrogen** 
-





..... f o.l -.11!'!11 o.o o.f _o.o o.f - - - -. . . . . [fili19cta** · '·, . .2./i" R.5 ,;;z.IS 1·4 a.7 3.4 o.o 
'·" 
- ~-7 /.2 'l~-
-
o./2. , .• o 1.(')4 ;ii.J!M 1.44 o.so 0..46 0.3.2 .2.62 0.'7D ~.112 
4-~ .2..9 3.~ 2.8 !:i.~ z.2.. 2.S 3.S 
- - - -!Potaaaiua** 
- - -
2./A 2A4 z.o~ J.3.3 3.12. t.U 2.1f o.J~ /.94. 
Dtssolved Oxygen** 6.5' . 7.11. e.o ~.5 8.2 9.5" f<:J. f 1!..~ II.S 4.~ 1/. :J S.5' 
i•WU"" .. 
-
UJ.I e~.o 32.0 3,l.9 ~.~ 1.4 1/42. '7.0 4~:~.6 ii-J6 ..2'7.1 
I pi+ 
-
7.~ -,..., '7.4 1,.7 7.4 s.r ..,,3 7. I 7.2 7.& 7.f 
~ota-r Resfilue** 




1112 l!!f'!l 35' 72 ~ ~ 4'i!!J 
rfiriidfty+ 6SO ID 35" ~11 4Bo 5" D 700 5 300 0 JUJt> 
Color+ 70 .40 ID ~5 2o /0 2 $' 0 I~ 5 /0 
~Te~Perature*** 
-
~~-~ s.o 17.1:1 6.S" '7.0 11.5 IIJ.G 8.0 1~1:' e.s 1/..S 
C01iform8H 6oo /0 S"D 410 60o 4o S'O 14.4DC 0 2aooo 0 S:9«J 
Pecal Streptococcal-\+ 
- - - - - - -
40.~ - 27,D«J - <9.7IIJO 
~1 as CaC03; ~/1; ***°C; +units; ++organisms/100 ml ; #After Kilgo (3) 
II~$ 
1•1•/16 ~•IZ-Ifl 3-•-411 
(0 1/ 43 
12, 9 3' 




t:J./0 {:J.OS' f!!.t.Of 
- - -I·' /.8 ~., 2.U 2..D4 o.M 
- -
'3.211 1.4& 1.45' 
7.~ 4.7 /o.tJ 
~0 2lJ_4) ~n.8 
t..l-. 4.-'l 7.4 
A44 .2':1'.2 IO~ 
.134 ~ q~ 
JAin /J~ s 
~e ~ ~ 
1(.~ ~.5' ,,0 




























Table B-1 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
~le Collection Point 
115'6 1160 
Sample Collection Date 
1165' I 11117 I 1169 












I fitsaolved Oxygen** 
!~ 
~~ 








































.0.3 l /0 
SO I /0 
113 I 2o 
110 I If 
o.of. \ o.04 
9.9 ' 1.9 
o.Z8 I /.60 
/.72 I f.3z. 
12..4 I 8.7 
9.5 I zo . .a 
7.9 l •·e 
IS' I fCJZ 
lSI I 57 
s I 1o~ 
10 I /o 
a.o 1 -~~~s-


















10 I 66 
12. l -'.a 
Z2. J 1~8 
2.0 ' 194 
0 .o5'' 0·10 
~·0 1-3 .5' 
(.7JI 0.41, 
-I ~4 
.2.66 I ,.n, 
~o I 4.2. 
4.a.41 q,IJ 
7·3 1 7.9 
7So I t78 
gd._ t lt;;,7 
5S0 1 -
10 I -





















6 I 8 
4 I ~ 
10 I 17 
b ( I. 
o.ft \ o.oz 
~ 4  2 
.z.-9 I ;J.~ 
2~1 1.17 
lo.o I 9-5' 
42.o J 1s.e 
6.4 l 6.4 
440 I IAJ:l 
34 I ~; 
3oo I 95 
2.S' I 10 
/I.S' I 7.0 
4.1001 400 




















8 I z.o 
e 1 2.o 
10 I 4o 
14 I 24 
o.o3) o.f2 
- o.2 
o.o I 5':1 
~ . .s o.3Z 




7.0 l 7.0 
374 I CJ& 
~I aa 
.aeol s 
/0 I /0 





















10 I .itO 
4 I 8 
14 I 21J 
14 ' 2Z.. 
o .O':J J o.04 
o.f o.o 
-I 7.0 
o.as I o.t2 
.~i:5" I 3.7 




































Table B-1 (Continued) 
Stream Water Studies 
Quality of Water in Dry Fork Creek and Its Tributaries 
Sample Collection Point 
1/T.il. 11173 I 11'14 I 117~ I 2.10!> 
Sample Collection Date 
/O•t&•" to ·II•'!_ to·t6-U ,.., •• w, 7·'7·6S 7-tz-•s 7·t9-6S l•t-16 1-~·-" Z·IZ•I6 3·-4-U 
20 :JO 34 '~ 98 9t 118 +8 toll 40 0' 
Io .IS_ Z4 26 9:) 8e 114 38 915 4Z 
'* ~0 411 ~A 42. laB 179 2.~ J!J6 Zo4 A2. IZ&J 
.2J!J 42. 58 .ze lAD 1SZ 20f 68 I till ~a 42 
C).O't o.o~ o.o3 0-~ o .. s (.00 z.bo o.os- 0 .03 D·o4 o.oo 
0~ Q.O 0·0 o. t 7.0 s:o /0-3 - 6-Z s.o 4.8 
1.4 2.C) 01-Z f .4 #.o 4Z.o So.O 9-0 52.0 15-0 /3.f 
o . .ze 0.28 o-94 1.42 o.!k) o.5Z. eMi!. z.t2. o.oz o-•6 0-~ 
3.Q 3.4 rua. h.4 2D..o 16.0 44.0 14·0 11/J·O IZ.o .2fi,:J 
- - - - - - - 1.71 ;J-89 z.u /."l"l 
__6..2. 7-a 5.~ 7.7 q.7 7.6 7.0 ~ 10.-3_ to.o /0-5 
IS.O n.3_ 13.~ 7.0 ~.s 8-7 , •.. 21.0 1!1-4 19-2. 27.(, 
7-0 7.R 7.4 6.7 A.:! s.o a.z 7.4- 7-9 7-4 e.o 
·~- ea '~" ~9 ~18 ~M 4Z8 174 326 14-2 191J 
-tot. 8& 112 1;,7 ~ .24b 41S" l~ ~Z3 ,, {q[J 
5 ~ 10 10 IS 6S' :ro 38. 5 15 10 
$V 4S !iO 45 .20 $ z.o zs ZA:I 5 s 
I'S.IJ fi.O 111.o 13.0 
- - -
,,.5 z.o s..o '7.0 
2o 4<> 10 0 62S 1,/40 700 7,800 1,9f0 e,Joo '900 
- - - - - - - - - - -
~/1 as CaC03; ~/1; ***•c; +units; ++organisms/100 •1 ; #After Kilgo (3) 
..... u, ........ " 7-4-llb 
100 ;lO IZ6 
104 2Z lei" 
:~~Dtt. .4.2 232. 
17D ~ 22o 
0-1" o.lf o.~ 
~-Z 4.5' ~-'S 
.,,,0 (,q 74.0 
o-1~ z-o+ o./6 
71-0 41.5 ~2.6 
a."R z.ef 4-7~ 
t/O.Z .a.;- a.z 
11-S .~0 7 -0 
8-4 7-7 _8.4 
34o 8oo 4~ 
3Z8 
.z4 ~ZS" 
0 4«> lei 
3 ~ s 
IJ.5 1~.5 2.7.0 































,_, •. ,r 1·1-~ ~-'2-" 
Calcium* /0 ~ 15" 
Magnesium* /2 IZ t=J 
Total Hardness* ~ 18 ..2.1? 
Alkalinity* 










- 2 • .a4 1.0'1-
Sodium** A-A ~.5' ~.2 
Potassium** 
- I /115' 1.2S 
Dissolved Oxygen** 7.0 ._SA-_ 10·4 
COD** 
-
Al.o 10. f 
pH+ 6 .5 7. f 
Total Residue** 
. 580 342 7::! 
Dissolved Solids** 
-,h 34 45 
Turbidity+ Sto .a so 22. 








Stream Water Studies 
Quality of Water in Nornian Creek 
Sample Collection Point 
I 4110 l 
Sample Collection Date 
+-~3-U 1-t-U. z. ·tit·U ~- ... -·, 4-~ f-l'f-14 1-1- ,, 
10 8 IS 33 ~~ 8 IZ 
B 10 ~~ ~ ZO. 12. 
' I !I tN 2.8 ~~~~ 32. 2.0 I If 
Ill tb 17 S8 .30 - 6 
O.Ob ttJ.f2. 0.04 o.oo o.o4 
-
o./o 
- - - - - - -
o.o ,_, I -l! 1-b o.o - 1-2. 
a.3Z 2.40 /.36 0.32 .2-~0 - / . 72. 
~I 1.2. 2.. f 4.11 o.tj_ 4 ·11 2.f 
2A'I /.7( 1.2S 0.94 1-7t:f - 0.'14 
10·0 1t.4. 9.7 8.7 q.f 7-f ~-~ 
7h.~ 3&.0 /4.8 28.(/, S'l'-0 - ~5:0 
».2 ~-~ 7./ 7.8 _&2 - 0.4 
904 29, ' 72 104 _42_1, ZA-b ,st, 
40 42 47 f()4 3&, 70 A.a 
000 17~ ;~ a 310 ibO 11'12 
/() I~ S' () 10 75 IS' 
14.5" II.~ S.o h.~ 14S - ,,,, 





*mg/1 as CaC03; ~g/1; ***°C; +units; ++organisms/100 ml ; #After Kilgo (3) 
41/!i 
.z ., ... ~~;, 3-4-~ 4-l~-" 
a 34 12. 
16 62 19 
..a4 q6 ~0 
12 5VJ Z8 
o.ol!. O.D~ o.o4 
- - -
,_q 1.~ 1.~ 
o.8i!. o.lb o.~ 
1.8 7..2 3.~ 
I,Oq /.7(/ ~.(Z 
IO.Z q,7 q.z 
R.~ 3~-' 89.8 
h.8 7.7 ""'1.7 
4-~ ff8 2.114 
~~ 'ffR 7( 
./~ . 0 1000 
~ I~ I~ 
~a ~.0 /$'.0 



















































Table B-2 (Continued) 
Stream Water Studies 
Quality of Water in Norman Creek 
Sample Collection Point 
Characteristic 4125" 412.6 
Sample Collection Date 
1·14·65 1•1·~· ;z ., ... " 1·-f-·' <I·Z,·66 Z·l~-61. ,-4·" 4-~-61. 
Calcium* 8 6 10 
' 
8 14 12 2.o 
Magnesium* 10 14 1 /3 14 3 '~ 14 Total Hardness* 18 20 ltf 22 ,i!Z__ 17 2~ 34 
Alkalinity* 
-
0 8 8 18 /3 14 Z7 
Nitrate Nitrogen** 
-
o.c7 0-03 o.ol 0-04 0.02. o .a;! 0.01 
Orthophosphate** 





/.;!. 2.5 1.4 
., 2-7 23 7-0 
Iron** 
- /.14 o. "70 o.f/8 :J./2. o.64- 0.70 0.3b 
Sodium** S'.2 g ,8 3.t __!£2_ _2_.8_ /.5' J!!./ 5.4 
Potassium** 
-
(). 3'7 0.93 /.01 1.40 o.8S ~q4 0.78 
Dissolved Oxygen** 7.0 Sf., /0.2 8.4 </.0 /0.0 R.b 7.Z 
COD** 
-
,2'/.0 ~.R za.f 4, .7 12.~ IS.~ 1n. l 
pH+ 
- ~-4 ~.6 0.t:f 7.4 ~.6 "7.ll 7.4 
Total Residue** 
. /10 128 S1' ~ ~8Z '.d.h us. S8 
Dissolved Solids** 84 i() -3'1 5t> !6 3t:l h4 Sl 
Tur_})_idi t}'+ 47 ~7 fJ 0 ~10 5" 0 0 
Color+ qo 15 ~ 5 /0 ~ ~ ~ 
Temperature*** 
- I (.5' S'.O 3.0 I_S.5_ 5'-0 s:o u.o 
Coli forms-\+ 560 760 200 30 6.400 (OO 120 ao 
Fecal Streptococcal~ 
- - - -




























stream Water studies 
Quality of Water in Benton and West Fork Benton Creeks 
Sample Collection Point 
Characteristic 7fOS 7110 
Sample Collection Date 
,..,., ... I·.U·MI J-4·~ 4-4-66 4·S·IIII 7-4-46 , ••• es •·"*·~ , . .,,.j,f '·"'* 7-~D~$ II•Z7•1$ 
Calcium* f/8 73 $4 72 24 94 78 78 83 81 /()() /00 
Mapesium* /4)0 76 53 7/ 2o 70 114 /}/ 191. ~ 'II 104 
.Total Hardness* JJI,R 14(/ .hD7 14~ ..d.4 JJA. 162 JStf lh7 1'7!1 lQI 2.04 
Al'i&lini ty* IRIJ 151 911 ,~, .4A !64 164 15"4 170 174 tRfl /QO 
litrate Nitrogen** c::t.o~ D.QQ D.DI:J D-D~ c::t.o!!i O.tt> 0.12. o./4 ().07 o.~ o.2t:t o.D4 
OrtliQihoSl)hate** o.o 
- - - -
o.o 
- - -
()./) O.tJ e>.!i" 
Chlori.ae** · ,,, 2.5 /.3 2.( 
-
/.R j,q (.J _{., ~.7 1.4 2fi.S" 
Iron** O.l'll2. D.OO 0.12 D.o6 ;z.(J2 D.Da o.cc 0.24 o.1t:. ~.~2 ·o.oo c.s-L. 
R-tf •"'""** 1,1':.. ~.0 2.R ~4 J.( 1.2. 
-
/.5" o.8 /.7 17-7 
-IPotassfUJD** 
- o.oo D.~ o.1& lAO D.3/ - - - - - -Dissolved Oxygen** Jtt:J.2. /0.~ "'7.~ ~.£' R.7 6,.'1 
-
8.tl t1.D fl_!; f/.7 /D.( 
. t.VIP"" 
'"·I 2.1 7.0 ~-0 -~1.11 .0.0 - /.5 - oa 0.0 2.0.2 ipll+ A.2 7.'1 B-.1 1t.~ ..,.r~ Sll.o 7.8 1}.f fi.2 ,,f $?_ f 74 
!Total Residue** 
. 178 1114 q£ I'U. ~JI.IL. 1.42 - - - 184- l'lf1 :Iii!tl~ 
Maaolved Solids** 
- IU 'lb 134 !jt, 140 - - - t1l4 Ifill -
. Turbidity+ 0 0 0 0 17() 0 0 0 0 0 c ~~ 
cor or+ 0 ~ 0 0 I~ 0 0 0 0 0 I!J II"J 
Temperature*** 12.5' tlt.l!'> 7.!r' ~~~ ~~~ 2'1.0 - - - - - .I~.D Coliforms++ 
-s-o 0 8 4 (,tf!)ot) 20 - ~5" iJo . 12tl ~ In 
J'ical Streptococcal* 
- - - - 4.3tlo ~ - - - - - -



































































Table B-3 (Continued) 
Stream Water Studies 
Quality of Water in Benton and West Fork Benton Creeks 
Sample Collection Point 
Characteristic 7110 \ i liS" 7120 
, Sample Collection Date 
4-Z~-66 7•4-16 /f-27-6$ I·D-16 3·4-·66 4 ... -66 4·.23"" 7·4·1.6 6-~6$ ~l.tf-16 lr~l-16 lrd·ll ll-i17·4S I•M·IA Z·IZ..IIJ !1·4-44 
Calcium* lilt:~ q4 8o 73 45 71 24 too J6 4'1 ~1 ~7 68 4' 2<J 116 
Magnesium* .;U M 78 7~ 44 ~~ 10 541. 3l1 X1o. 6o {,2. 68 44- .zt 34 
Total Hardness* 4fil ,,2. 1S'"B ,.iq H 122 .t~.o 1-a. 74 ID4 J.J_!J 12'1 136 t;c 41 1,2 
Alkalinity* 42. '" 160 ~s1 82. 118 40 u: .. ~ 68 44 JIO 'J!JC 134 1iB 3.2 S"8 
Nitrate Nitrogen** D.t:lb D.D"1 D.D4 o.DD D·DI o.~>~ o.12 o.~ A.ZZ o.1o o.oq O.b$' o.oz /7.oo o.o4 ().oo 
Orthophosphate** - ~-o a.o - - - - o.o - - - c.t:J o.o - - -
Cblo~~e** - - 1.8 ,.q 2.5 1-a ... ~ - .2.t ~~ /.7 1.2. /.7 1.1/f 3.Z 1.8 1·4 
Iron** o.ztl o.oz o.o2. o.tJD o.~Mo o.o6 t.84 D.oh o.oo o . .-f. o.iiJI. o.]jj,(J o.o2 o.oo t>- so o.J6 
_S:()d1U11** 2-f 1-2 2.5' .2-J J • .R :J.5' 1.o 2.1 - - 1.$ t.o 2.1 1.8 o.tl 3.f 
Potassium** t.ts- o.a4 - o.oo a.16 o.oo 1. '3Z o. ~q - - - - - t::J.t:JD o-47 D.tl!. 
Dissolved Oxygen** B·4 st.' fl.q 10.! lf.S 1..4 B. 3 .4 .2 - - ft.' 7.1> S.4 f/.'1 11.7 f().f a.IJ 
\IYUW...- Z//.0 0.0 D.o 2.1 ~.z 2.f/ 3&'.3 Q.() - 1.'/ - D.D I!I~D !J.2 4 ~ 4.4 
pH+ 8.5' 8-1 8.o 7.'f 7.llf R.o R.4 7.h 7~ 7.tl 7.'! 7.1:1 11." 7.7 ..,_~ '7.? 
Total ReS1due** . 2Z~ 15D IU IH !4 'IIR 148 148 - - - L.30 1M flh 6N:J So 
Dissolved Solids** s' JS'IJ - '"' 114 118 gz l.tf.1 - - - 1';UJ ~~ .oL ~s 5l> 
'lUrb1.cJ1 ty+ I JO 0 0 D 0 _() 80 0 0 0 0 0 D 0 ~ o 
Color+ 15' 0 0 t:J 0 0 I fi 0 0 0 Q 0 10 Q_ 0 0 
T_,.rature*** 1~.s .a7.~ 12.a ~-D -,_a 14.5 11..0 11-J".t' - - - - ~~.o J..o '~ 7.~ 
Coliforu++ 1450 12. ll"l 0 6 IZ J. 7'SO .4 - Ill~ 110 6tJo t1o () 4 ID 
~I_ecal Streptococcal++ ...... """"' ~~ - - - - z.J~ 9.6 - - - - - - - -







~ . -!" 
Table B-3 (Continued) 
Stream Water Studies 
Quality of Water in Benton and West Fork Benton Creeks 
Sample Collection Point 
Characteristic 7120 I 810![ 
Sample Collection Date 
[4-of-" 4·21·" T·4·~ •·•4·/4 ,.;,f-M 6·Zf·M 7·1D-~ II·ZT·~ I·N·~ Z.·f2·U 
Calcium* 3'3 14 8&! 7~ 93 99 toft, 82. ~ 2.Cf 
Magnesium* 44 10 ~ 7Z '13 I (X) 103 84 6'1 31 . 
Total Hardness* 97 2.4 1:12. 14/l ,gh 198 211!/_ ~6h /!r3 ht!J 
Alkalinity* (// 24 144 144 J86 2J!)() _210 J.t;1} .I J3 so 
Nitrate Nitrogen** 0·114 o.o9 e>.~ t:)./2. 1:).0_2 o .IZ _CL/..2 o.D4 o.oo O.o4 
Orthophosphate** 
- -
t!J.O . - - o.o _Q_.O o.o - -
_Olloride** · 
'· g D.O '·" 
. l.tf 1.4 2.0 ~ 1-B 2 .0 l .q 
Iron** o.oo 0.70 D-1~ o .;a4 o.z.o o.zz o.l2_ o.oz o.DO <J.A 
SodiUla** /.4 0.8 1.4 - 1.~ (.0 _2.,1_ J.lf 2.( 2.~ . 
1Potaasium** o.t6 o . .,tl D.'ttft - - - - - c .oo o.s4 Dissolved Oxygen** 
_-.A 11.4 ~-~ 7.6 7-4 b-7 7.8 lt.h q,7 11-0 
COD** 
_!£/ ~5:6 o.o 1-5' - o .o 0-0 o.o 2.1 /O.f 
pH+ 7tl 7.~ 7~ 7.'1 e-.1 B. I 8.2 If'. f 7 ,q 7~ 
Total Residue** 
. _L32 1i4 ~~~ - - 2()() 244 17~ 1511 {,.I. 
Di11olved Solids** I~ ~a I:Jf - - 2.tJ<) 242. - lsR sq 
!Turbidity+ 0 2tJ 0 0 0 0 1,}_ 0 0 II 
Color+ 0 I~ 0 o. 0 0 0 0 0 s 
Temperature*** 1~.~ t+.S 25':.S' 
- - -
- IZ-0 1/l.D 7.0 
Coli forms++ ~ 45'0 114 3cS 300 ;140 2-o 2o SID /DO 
Fecal Streptococcal±± 
-· /.~ 2~ - - - - - - -










/. f 2-1 
0.~ 0-"D 
11.2 : '·1 
R.!/ q,z 
J/.0 8 .0 
128 1114 
128 '~" 0 () 
0 0 




















































CalciUII* 73 79 
Magnesf.um* 7/ 73 
Total Hardness* 144 ~~ 
Alul.ini ty* 131/ 14S 
Nitrate Nitrogen** /.00 0 -'14 
Orthophosphate** o.z o.o 
Chloride** · s.z 4S 
Irou** O.f' o.:zo 
"!itnd{ltm** 2 .4 2-1i 
Potassium** 
- -
Dissolved Oxygen** h .B 6-7 
COD** 0~ o.o 
pH+ , _., 7.h 
Total Residue** 
. . l_bA 112 
Dissolved Solids** 1([,3 180 
-T\iroidity+ 0 0 
Color+ 0· 0 
Temperature*** 
- -
Coli forms++ IO lS_ 
Fecal Streptococcal++ - -
Table B-4 
Spring Water Studies 
Quality of Water in Springs in the Study Area 
Sample Collection Point 
IZIO 
Sample Collection Date 
7·t~·IIS 11-2'1-~ IZ·17·6~ 1· 22·116 2. ·12-416 4 -4 ·"' 4·ZJ-~ 
" • u:~ '""' 
85" S4 84 ~2:. 44 57 7~ S5" 
72 78 So 58 ~ "'f~ 54 54 53 
L~>7 162. 164 12D ~0 
"' 
130 lot? 
.I~:::C IM /70 ~~~ Bl IOJ 120 99 
o .q7 o.o;;~ 0.03 0 .00 O.D~ o .oS" o .oS" 0 .07 
. ... 
~-.4. o .o - - - - - -
2.5 2.5' 4.8 z.s 2-1 3.2 2 -7 2.3 
0.10 0.1.2. o.o2 0-3~ t.eo o.o6 o .o6 0.24 
;iii. $" ~.z - 4 .=r 
-
- - - o .62 1 .01 0-3'1_ ~.2 a .oo 
~.7 7.0 7.0 ~.8 7 . 1 ~-7 7.1 7.4 
o.o t:J .o o .o 4.2. 5:1 8.3 4-.Z 2 .'1 
7.6 7.5" 7.5' 7.6 7.2 7.4 7.q 7.8 
l~h .16g 162 12.6 /36 132 I "1Z 104 
.IU tMl 162. IZ4 'lS 1~2. 18o 104-
t') n 0 s A-o 0 0 0 
0 0 0 10 ~ 0 0 0 
- 13.~ 13.5- /2.5' 12.,- 14.5" 15:5 /4.0 
IS" 3 0 22. ~0 4 5' .Z4 
- - - - - - 2. 12 
: *mg/1 as CaC03; *""tng/1; ***°C; +units; Horganisms./100 m1 ; #After Kilgo (3) 
I 
T-4-410 IZ-17·6$ 
7Z 97 94 
64 B3 1f4 
136 180 178 
1~8 1117 t64 
,-, • ..-.4 2 -4C 0.00 
o .o o.o -
2,q 0.0 s .z 
o./11 0.16 o . .a4-
2.7 ~.z 
o.47 - -
7-1> 9 .0 '(!.5 
0.0 o .o o.o 
7 . 4 7-" -r.S' 
.l~n Zlo 180 
1&.0 210 .la>'o 
~- 0 0 
0 0 . a 
uJ..o - 14.0 











5.1 6 .5" 





























































Total Hardness* BZ. 
Alkalinity* 73 
Nitrate Nitrogen** O·Dl 
Orthophosphate** 
-








· I :S4 







Table B-4 (Continued) 
Spring Water Studies 
Quality of Water in Springs in the Study Area 
Sample Collection Point 
72.o&f 
Sample Collection Date 
12-1'7-IJ, 1-.U-fW 4-4-" 
·----66 '-·14-M ~-21-~ ~-ZI-~ 7-3<0-65 
/2~ /24 lOS' 114 132. olf 123 12tf 123 
/07 n6 1oS /26 /13 124 /Ill 113 .Ill/ 
.a-n 240 210 240 .;~4s 24_3_ 24( 242. 241 
~c· 264 .a.o7 .238 z~a 240 242 2411 24/f 
o.41 o.cx:> 0·00 o.e>b o.ot o.IS o.a__ 0 -10 0- ~"1 
o .o - - -· -
-
- o .o 0-0 
1-7 1.9 ,_g ,_q /.4 1-~ 1.0 1-7 ,_q 
o . .a4 o.o2. 0.02. a.~ o.o6 D.20 D.lb ~.zh o.oo 
2-S - - - :..z - .Z.5 1-4 2 .5" 
- -
/.Oq o.oo o.oo - - - -
8-1 B.~ ~.a 
"·' 
7 ,q ~-~ 5'-1 4.11 4.8 
o.o 1-0 . 0-4 2-~ o .o o.o 
-
o.o o.o 
7-7 . 7.5' 7.7 7-7 8./ 7-7 7.9 7.8 7-B 
,~ ':liZ 200 272 27o - - ZA-0 z.6o 
.24~ '312. 200 272 270 - - 240 .Zbc 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 c 
-
- /3.5' /2.0 13.5 15:c - - - -
IS I 0 0 4- I 0 
' 
4<> 
- - - - - - - - -




~~·t7-U I·Z2~ 4·4-g, 
106 II( 116 
124 /20 ,cq_ 
2=10 23( 22!r 
z;JB 238 .22fl 
o .oo o.oo Q.Qq 
- - -
1-'1 1-B 1-B 
o.o2 o.o2. o.tz 
- - -
- 0 -47 0.78' 
r.,.7 4-0 4-2 
/0.0 o.o _A2.8 
7-4 7JI 7-" 
262. 22~ :i!'l8 
2~2. Z26 .298 
0 0 0 
0 0 0 
1/.0 12-5" 15:0 
0 0 2 
- - -
. ·--'>·':::. 















































Well Water Studies 
Quality of Water in Dry Fork Creek Drainage Basin 
Sample Collection Point 
Characteristic /305 I 1310 
Sample Collection Date 
,_,..4 
•-.zt-16" ~-.zl-151 7-1#-li fl•ll-~~ J-Z•~ 11-1•'"" b·II·IS lt·II~S 7·M·H /Z·/7·" 
Calcium* 105" 110 lt:>4 112. 1<>4 108 123 llf to8 110 IC6 
Magnesium* 9S 9o '10 ~ '?4 f15" fl7 /02. /DC 9fl 9b 
Total Hardness11r 2oo ~ nrJ. ~.n"7 ttiS ''"'~ 220 213 2o1J 2bfl .JL>2 Alkalinity* 1~0 12L> 129 IZ.ff 134 //2 130 zo8' ~ll 2.()7 2.eJ6 




- - - -
o.o o.o 
-Chloride** · /4.0 13.o /3.() /ft.(> ,,.5" 3~-0 2:t.o lA ;a.o i2.1/ --3 
Iron** 0 . .20 C-1~ o.;a4 0-(0 ().2.0 o._.24_ o.l2. 0./6 _a.~4 o.IZ c. o.a 
Sodium** 
- 7-8 .r::"."i'" &"'.~ - - 15:Z , .s- o.i!l 1·4 -
Potassium** 
- - - - -
/.cl o.S"S" - - - -
Dissolved Oxygen** 7.5' 7.h 7-2 7.4 7-3 1?3 ~4 7.~ t:;.5' e:;.a 0.7 
COD** 0.0 
-
o.o o .o o.o o.o 5- 1 o.o 0.0 o.o o.o 




2~2 27S Z-76 2.78 318 
-
;;zsz 212 2.14 
Dissolved Solids** 
--
- 2J2. 27B 27b Z78 :318 - ~ 2.12 214 
Turbidity+ 0 0 0 0 0 0 0 0 0 0 0 
Color+ 0 <> 0 0 0 0 0 0 0 0 t!:J 
Temperature*** 
- - - -
14.0 14.$" 19.0 - - - 1~.5" 
Coli forms++ 4 6 0 0 ~ 0 ~ 0 0 0 0 
Fecal Streptococcal+± 
- - - - - - 0 - - - _,...;. 
~/1 as CaC03; **mg/1; ***°C; +units; ++organisms/100 ml ; #After Kilgo (3) 
1315 
(, ·I0-16 6-11-{,{, 7-1~-if> 
107 1~2. 1~8 
t:IS /74 139 
.ao::- :Job 3o6 
tt1"1 25"() Z44· 
o.c3 0.&>4 o .o.s-
- o-Z oA 




- 1~4 r;.q 
0 .16 D.V4 1-0tf 
s .s- s.6 5':7 
o.o 11-7 2~.2 
».( 7-6 7.7 
178 ~90 45'1.t 
171/ ;JI/-o 4&J7 
0 ~0 52 
0 0 ~ 
~~-S' ($':!) 16.0 
0 6 41:1 















~.0 2 .'ir 
7.'1 _&2.. 
?to 304 



















. Chl.pride** · 9.11 




Diaao1 ved Oxygen** 7.4 













Table B-5 (Continued) 
Well Water Studies 
Quality of Water in Dry Fork Creek Drainage Basin 
Sample Collection Point 
t32o 1325'" 
Sample Collection Date 
6-.al~ ~-..all~ '7'-, ... 14·1H4 ;1-1•4 6-1~-M 7'-ll·id 7-,,~ 16-17-1& 
tlfO 'lo 'lt:f 104 'II 
"' 
(Do 52 S4 
7q 83 a~ ~ 70 7~ ~~ 32 2 
~~ 17~ 11J2 172. I~{ 173 ~ 114. U:16 
14-D 162. I lA 1.111 1$2._ lh$ }114 R2 'IIi 
:f4.t> llf.<"z> ~./0 n.~ n.o4 D.D!i l.hD 1-7D D.t:ln 
-
D.D o.~ - - - c.o o.o -
LJ.4 .IJ. 7 ID.O 1/.S 7.3 7.5 :t.4 1-7 ia.7 
0.1~ D . .a4 D.~ LJ.I'J~ <ll":jJJl. D.D2 o.tiiU._ o-!'2 0.2.0 
~.q lll.2. 4.8 - - .A.fl o.B o.f/ -
- - - -
o.~ 0.47 - - -
9.7 7.4 7 .• ~-~ lil.lf !;:7 l,.h 6.0 ~.4 
-
o.n l!fi.D 0·0 ;t(.tf S:1! o.o o.o a.o 
7.'1 7.1/ 7.11 7.1/ 7.'1 7.q 7.9 7.*1 -,_q 
-
.2UI 2bl. 4112. .," 16D II~ II~ /IIlii-
-
J/l/4 2#fl. 212. LI:Jb. IRD J/4 1/l IM 
0 D () D IJ ~0 _.0 0 0 
D 0 t:) 0 0 0 0 D c 
- - -
IS:~ 16.~ 16~ - - 9.~ 
t"' 0 () n D J. 0 0 I 
- - - - -
~ 
- - -
~/1 aa CaC03; **Dlg/1; **'*°C; +unite; -Horganiau/100 al ; #After Kilgo (1) 
3-b-~ tl-1•-14 6-~-ld 
38 67 162. 
;aB ~6 IU 
~ ~~ ~2~ 
~ q~ 2U 
Q.~~ D.~ IS.,4.1J 
- - -
2.( 1.4 21J.t> 




I"J.94 O • .tl7 
--
1li'.J.. ~-D ~-~ 
<!),D 1/.1 o.e> 





.0 el 0 
0 ~ 0 
~~.~ ILI.!!r 
-

























































, ••• m 
Calcium* 1$14 
.~sn~sium* I~ 
... !ota~ llardnesa* '314 
~~Uni_ty* 164 
Nitrate Nitrogen** 3.00 
Orthophosphate** 
-


















Table B-5 (Continued) 
Well Water Studies 
Quality of .Water in Dry Fork Creek Drainage Basin. 
Sample Collection Point 
1~30 I 13~5" I 1340 
Sample Collection Date 
J·N·IU 6•111-U IZ•/7-(,S ,.~.-64 •·111•16 6·ZI·~ ~-/18-'$ IZ•tl'l$ J·l.~ 6·11)-lfl 
170 223 94 /OZ.. I Of/ /()2 /OQ '19 en 130 
/hi llf 8'.:: 11'1 g~ .8'& fi'.2 84 lo8 7'4 
~~I =434 17~ Jill Jt11 1118' Ltfi!. 18~ ,lq4 Z.o4 
..2!1~ 262. ~~ 169 175' 170 17D 17.2 170 lhft 
o.o!: z.s.6o 0.14 ·o.oh D.t:J7 4.S'l'> ~.20 0.041 ~.D7 12.9Z 
- - - - - -
o.o_ 
- - -
_.ze.-s- /tl-8 B.Z q_q 7.t:t 2.9 ~-7 .4..7 q.o 5.5" 











·5.2 b.J! 8.1 9.D 7." t:/.7 q,lt, Q..Jt 4.:11 fl'.Z 
.a.l 3.~ .2.0 o.o 1-5 0.(/) D.D o.o o.o 7-~ 
7.5' 7.9 7.5' 7.6 a.o fi.D 7.9 7.7 7-7 B.tJ 
31/, 
.ttl!l/8 1116 11/t'J ·nz 
-
2SI' ~o/P .J.D4 1~2. 39, 4111 J,/, llh> 1?2. - 2.a> 2..1!>11 l!!o4 ,,1!. 
D 0 D 0 0 0 
" " 
0 0 
0 0 c 0 0 0 0 0 0 0 
15:.0 ~~-~ 14.0 14..0 //,.!i - - 1/.o 1.2.!/a 15'.. t!J 





·- - - -
0 
~/1 as CaC03; *""q/1; ***°C; -ksnits; +4-organlama/100 ml ; #After Kilgo (~) 
134b lfJS'tJ 




























































'7 .• 7-~ 
/52 214 










Well Water Studies 
Quality of Water in Norman Creek Drainage Basin 
-:-,;. Sample Collection Point 
Characteristic 4~10 I 4312 4~/S' 
Sample Collection Date 
IA·t7'-H , ..... "' 6-to-M, ~..,, . ., 7-1~46 ?•AG-14 7•?1111-11. ,2-11'4/J 1•21fJ4 •. ,,.46 •. ,._-6'; 
CalciWil'* 124 117 116 7;2. 80 liB Ill/ lOS 114 100 liS'· 
Hapealum* lt>2 114 /12 ·9~ :· 1c2. let:! 110 112 Ill /23 110 
Total Hardness* 
,2,6U, 2~1 23~ ,,.,. . /11'2 . 2;:1 e28 22~ 225". ~i2q 225' 
Alkalinity* I q2. 180 It? a /~ ./JJO 2/f 2.12. 2t!:JR 24>2 Z./1 i110 
Nitrate Nitrogen** /./7 0-DI ID·Z4 D-1!:' O.D2. - .4.80 o.o/ o.DI o.zz . "7.'!10 Orthophosphate** 
- - -
o-4 D.tf.. c.c ,_,.., - - - -
i Cllloride** · '~-0 18.8 I~.D 7-o· 1-3 4.t:J ~-0 z,q 4-1 '2,;' 7-5'' Iron** o.IA. o.M a.U 
-
o.7o 0.64- o-48 c.a+ t:J.28 l.o4 0 • .24 S-'•·_...-
··-· - -





/.sf:. /.25' 0.47 1./7 - - - <:1."~9 o.oo -Dissolved Oxygen** Q_/ . ..,_, 7.2 tllf.2 lti.A. 7.7 6.7 7.1 /0-0 5"-tl 7-7 
COD** t:J.t:J D.<> 2.2 f4.b o.o .o.o o.c· /.0 ~2 it. '}JI: o.b 
pB+ 
"'7.7 7-1# 1/.1 7-~ 7.t1 7.4/f 7.41 ·7-7 7.B A.n 7.,~:~ 
1 total ltesi.cue** -~/, 2.7D .J!7V 4fill. 2.44 244 2-4{. z5"& 248 2~4 -!Dissolved Solids** ~~ ~7t"J 2.79 134 1113 2A4 244'- ZS'b 2.6o 25""4 -
rturti!Cilty+ D 0 0 2.70 ~2 0 t:J 0 0 5' D 
Color+ 0 D 0 -s 0 0 0 0 0 5 0 
TemDerature*** J'IIL.~ 17. -5" /7.~ ~~~ II.J.o - - 12-o /5:0 17.5 -
Coliforma1+ 0 D .2. 0 , 0 D 0 0 z D 
Fecal Streptococcal++ 
- - 0 ~.Mia ZD - - - - 0 -
, ~/1 as CaC03; timg/1; ***•c; +units; -Horganisms/100 ml #After Kilgo (') 
.... _ 
.4~0 
6·::JII-~ 6-~~ 7'•!1•-8. 
.. ,, Ill 112 11'1 
104- .,,4 lo4 
. .2~ 22.6 323 
1112. !11'6 1116 
9,<z) I?. tiD 980 
-
o.D 0·0 
5:1.. ~-4- "7.0 
0.24 o.l~ O.li! 
2.5' 1.2 t.#f 
- - -
7-11 7-Z 9-7 
-
c.o o.D 





0 0 D 
0 0 • 
- - -

























































































Table B-6 (Continued) 
Well Water Studies 
Quality of Water in Norman Creek Drainage Basin 
Sample Collection Point 
4322 I 4323 432S 
Sample Collection Date 
6·11·111 7-1 .. 16 6-(a"·IIJ 7-llriU 12-INS ~~-~ "_,,~ 6·14-IS 6-21-~ 6·Z8-6J 
41 ~ 70 64 (04 125" 146 uq ll<f 114 
s~ lf2 73 92 ifZ lib 103 112 IC2 1/2. 
lf5 /4" 143 ISIJ lt1h Z.41 24-9 23f 221 ~,2.{,. 
q/ 132 I~D 1Zb 17C :ae-2. 212 .ali;, 2.<~6 2.D7 
o./1 ()./2 D.Dt:l t:J,DJ 0.5~ t!J.o3 Q.$'"tl_ 3.00 :t.Ao ..4.~ 
D.4 o.l o.8 :. o.2 
- - - - -
o.o 
7.5 /.2. 7.S I.$' 4.1 s.z 6.0 Q.o ~' "·4 
- /.60 - /.66 . ().16 0./~ 0.1:),2 o.2o D.2D t::J.Z4 





2.42. I. A I.D/ I.SIJ ~ O.b2 t:I.<>O - - -
I. 4IJ .4.7 3.4 ~.5" ~.~· a.R 0.11 t!f.o .S.o s.o 
7.~ I.D l:f!.I'J o.t:J D . .f:J' ·t:i.o o.o o.o 
-
i!'J,.., 
B.~ 8.2 11.1 B.2. 7.7 "7.7 7.t:/ 7."'7 $1.D "'7.A 
·25'6 230 '3ro ':J72 261.4 2.64 ;!!'It> - - ·~ 
'6" 17~ /$'3 Ja4 224 .~ Z.'l~ - - 250 
l~o 5'9 2()0 R3D 
" 
D 0 0 0 0 
2-!:' ~ zs 5' 0 D () 0 0 0 
1.4.'5 IS.~ l$.t> IS.S /1!.0 14.; lti.S" - - -
0 0 0 0 0 a /211. 0 0 0 
I FecaT St_reptococcal++ mll-'1 82.- -· ~8-L. 4.Z. - - II ZOO - - -
-~~~_as_CaC03; **mg/1; ***°C; +units; ++organisms/100 ml; #After Kilgo (3) 
4330 
7-$·-~~ 12-174$ 3-ZD-~ 
II 'If II~ 140 
1/t:J 96 .,q~· 
.22t:l 2.12 .Jillq 
2el4 ~6 2CO 
&.~ 0.47 c::'.b~ 
o.c 
- -
7.t!J -r.e~ q,D 
D·DD O.t!>2 0.12 
3.4 
- -
- - t:1. ~I 
8.2 7.1 a./ 
o.o o.o '!f"2 
7.11 7." 7:7 
.24R 2!i4 234 
2J.1J :251S • ..;t!!.:W, 
0 ~ 0 
0 0 0 
-
/4.() ~~.s 



























Well Water Studies 
Quality of Water in Benton Creek Drainage Basin 
[saiiiPie.cof1ectiOJ.i :Po:i.nC · · · · ~--·1 
Characteristic 73oS' I 7~10 7315"" (Sample Coll.ectTon "15at:e·- ·· ' ' ... f 
6-14-14 6·21·65 6·26-16 7-30-65 12-17-14 ~-20·" 6·10-116 ~~-17-65 I #.·lo-IJ. 6-18-~ 7~16·/J, 
Calcium* 126 134 123 12Cf 122 I-3S 133 178 ~, 3b 34 
Magnesium* 
_Lo_IJ_ Iff f/8 ~~~ 114 108 90 ;u4 .2.23 72 70 
Total Hardness'~~' ;U!i ;4~ .241 242. 2.!lb 243 ..U.! 392 424 /(')!~ 104 
Alkalinity* ;z.IC ::ua 220 214 22.~ 2~8 22-f 399 40'1 qo 414 




- - - - -
0.2 D.:!l 
Chloride** · 14.0 11.o 12.0 13·0 15'.0 17-0 10.5' f~.s- a.z 23.0 17.5 
Iron** 0-2.6 o.u o.J4. 0.40 0-3" 0.24 o.'Jt, o.oz d./~ - 1·00 Sodium** 
-
8o ~· 8.5' - - /3.~ - h.'l 11·0 4.~ Potassium** 
- - - - -
Z-72. Z./8 
-
i'll.nn 0.3{ f.Cif 
Dissolved Oxygen** 7.4_ 9·" 8.7 a.t:~ 8.1 IO·I 7.4 4.4 ~.~~ 1.5' 1·11 COD** o.o 
-
0.0 o.o o.o o.o I.S z.o O.l'J 2:1.2. ,,.~, 
pH+ 7.8 7.7 7.11 7-li:f 7-4 7.$" B-1 7.2 7.7 'i/., 1fA 
Total Residue** 
·- -
2SO Z1JZ 280 
.Z9' 211/J 4ZL:'J 4/JI IS'{, ,(')IJ 
Dissolved Solids** 
- -
24'1 2112. ZJJo 211/I:J 21/l, 42.o 418 14R q7 
Turbidity+ 0 0 0 0 0 0 0 0 0 3S' ,4 
Color+ 0 0 0 0 0 0 0 0 0 2.0 0 
Temperature*** 
- - - -
q.s /Z.O .z.1.o 12-0 ,,,, /S.S" /8'.0 
Coliforms-1+ 30 12 0 0 .o· 0 2.0 0 t'l 34 0 
Fecal Streptococcal±+ 
- - - - - -
0 
-
30 220 $"4 














6.8 ~.~ I 
13.( z.8 
7.4 ..,...~ 











Well Water Studies 
Quality of Water in Meramec River Drainage Basin 
Characteristic 93<>S 9110 





Table C-1 is a Fortran n computer program utilizing the IBM 1620 digital 
computer to solve standard deviation, 95% confidence interval, 95% future con-
fidence interval equations, and also to calculate the average values. These 
equations are shown on pages 25 and 26 of the text. 




TABLE C-1 (Continued) 
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